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BACK NUMBERS 
and BINDERS... 


Copies of most of our recent 
issues are available from: Post 
Sales Department (Practical Elec- 
tronics), IPC Magazines Ltd., 
Lavington House, 25 Lavington 
Street, London SE1 OPF, at £1 
each including Inland/Overseas 
p&p. Please state month and 
year of issue required. 

Binders for PE are available 
from the same address as back 
numbers at £5.50 each to UK or 
overseas addresses, including 
postage, packing and VAT. 


King’s Reach Tower, 
Stamford Street, London SE1 9LS 
Telex: 915748 MAGDIV-G 


Letters and Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in PE. All letters requiring 
a reply should be accompanied by a stam- 
ped addressed envelope, or addressed en- 
velope and international reply coupons, and 
each letter should relate to one published 
project only. 

Components are usually available from 
advertisers; where we anticipate difficulties 
a source will be suggested. 


Old Projects 


We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue, as we cannot 
guarantee the indefinite availability of com- 
ponents used. 


Technical and editorial queries and letters to: 
Practical Electronics Editorial, 

Westover House, 

West Quay Road, Poole, 

Dorset BH15 1JG 


SUBSCRIPTIONS 


Copies of Practical Electronics are available 
by post, inland for £13, overseas for £14 
per 12 issues, from: Practical Electronics, 
Subsceription Department, IPC Magazines 
Ltd, Room 2816, King's Reach Tower, 
Stamford Street, London SE1 9LS.. Che- 
ques, postal orders and international money 
orders should be made payable to IPC 
Magazines Limited. Payment for subscrip- 
tions can also be made using a credit card. 


Phone: 
Editorial Poole (0202) 671191 


We regret that lengthy technical enquiries 
cannot be answered over the telephone. 


let Battle Commence 


The arrival of cellular radio in the UK this year could be said to be the thin 
end of a wedge that will soon provide pioneering business people, com- 
mercial enterprises and the ‘well off’ with a carphone or portable handset. 


Last year the Government granted 25 
year licences to the two. operating 
networks—British Telecom/Securicor with 
their Cellnet system and Racal with their 
Vodaphone system. The licences stipulate 
that each operator must have sufficient 
transmitter coverage to accommodate 90 
per cent of the UK population by the end of 
the decade. 

In marketing their respective wares the 
two organisations have appointed many 
well established retail outlets, who will sell, 
lease, install and connect the hardware. The 
AA for instance are one of Vodaphone’s 
distributors who with their membership of 
5-6 million motorists have a ready made 
clique of potential carphone customers. 
Another interesting appointment is that of 
Granada by Cellnet. They will deal through 
their massive chain of High Street shops 
which lengthened last year when they 
bought out Rediffusion. Prospective roving 
orators will be able to get hands-on ex- 
perience at these outlets. 

The cost of the various options will vary, 
those quoted here therefore should be 
treated as indicative; they pertain to the 
Cellnet price structure. 

A Class 1 carphone will cost around 
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The thick end of that wedge will eventually put us all within reach of such 
communicative luxury—when prices fall or market saturation convinces 
us all that we cannot live without one! 


£1500 if bought outright, this includes in- 
Stailation and connection. To lease such a 
unit would cost around £60 per month, this 
includes a £25 per month subscription 
charge. 

A portable unit will cost around £3000, 
to lease such a unit will be around £80 per 
month including the subscription charge. 

Call charges will be 25 pence per minute 
during peak periods and 15 pence per 
minute at other times. 

The principle of cellular radio lies in the 
constant re-use of radio frequencies by 
utilising small adjacent cells each contain- 
ing its own transmitter. This principle repre- 
sents a revolution in mobile communica- 
tions. Cells vary in size from one to two 
kilometres across in urban areas to far 
larger cells in rural areas where demand is 
lower. As a user travels from one cell to the 
next his call is automatically transferred to 
the new cell's frequency without any in- 
terruption. The original cell, as a result, 
becomes free for the use of other sub- 
scribers, All of this allows the network to 
support a far greater number of 
simultaneous calis than any current system. 

For further reaaing see ‘Cellular Radio’ 
Practical Electronics, Jan ‘85; and 
‘Leading Edge’ in this issue. 


-NEWSHOPFOR — 
SKYBRIDGE 


Skybridge Ltd., have announced the opening 
of their new shop in Dartford, Kent. 

Their product range includes the usual dis- 
creet components, which are stocked in depth, 
with the general product range being divided 
into categories. They include Audio and Elec- 
tronics; Home radio; Computer; RC; Servic- 
ing; test equipment, etc. In many cases several 
options of the same product are available 
enabling cost conscious buyers to stick to a 
budget. 

Customers at the shop can consult a 
technical library covering subjects from com- 
ponent data to constructional information; 
helpful advice is also on hand. A catalogue is 
presently being compiled so that a mail order 
service can be introduced. Skybridge Ltd. can 
be found at 441 Princes Road, Dartford, Kent 
(0322) 91454. 


There are many avenues open to the construc- 
tor who wishes to develop prototype circuits 
quickly and economically, stripboard and 
plug-in blocks being a couple of obvious ex- 
amples. A quite new option has now been 
developed by UK based E & H Electronics. 

Protocard is a pcb measuring 210 x 
100mm which houses six, 16 pin d.i.l. sockets 
whose pins are routed to large area solder 
pads. These extra large pads allow compo- 
nents to be tacked easily onto their surface for 
quick assembly of prototype circuits. There 
are also eight transistor pads on the board. 
Each ic. is marked with a pin location, and 
supply tracks, signal tracks, etc., run the full 
length of the board. 


Once the circuit has been proven the board 
can be stripped and used again. Admittedly, a 
rather self-indulgent aid for the true amateur, 
but nevertheless a very handy item. 

Protocard costs £8.50 inc. VAT and p & p; 
it is supplied with 10 circuit planning cards 
and a smali quantity of equipment, wire and 
solder. From E & H Electronics, 33 North 
Street, Keighley, West Yorkshire BD20 3SL 
(0535 44103). — 


SPACE 
FLIGHT 
SIMULATOR 


The Mitsubishi Electric Corporation, jointly 
with Korakuen Stadium Co., recently started 
marketing the “Flying Cabin”, an amusement 
machine that moves in synchronisation with 
the image on a screen inside the cabin. 

A six-axis hydraulic system used for a flight 
simulator is employed in the Flying Cabin for 
computer-controlled sychronisation of the 
moves of the 44-man cabin with the screen’s 
crisp images and six-channel sound. 

The Flying Cabin simulates space travel: 
the cabin sways, careens and dives in line with 
changing realistic scenes of ground surfaces 
and deep space, projected on a huge screen. 

The two companies hope to sell 20 systems 
in Japan and 40 abroad in the coming five 
years, chiefly to amusement parks and science 
museums etc. The Flying Cabin will cost over 
£1 million. 


For use in the fast growing number of 
homes where the family TV set is now the 
heart of an increasingly complex array of 
electronic entertainment. equipment, Ross 
Electronics have introduced their RF-170 
television control centre. 


Measuring 205 x 90 x 65mm, the 
centre provides instant selection of TV, 
video recorder, home computer, video 
game, Cable TV or additional VTR dubbing 
and monitoring facilities. It has inputs (1 
phono, 5 co-axial sockets) which may be 
freely interconected through a bank of six 
low-loss slide switches. 

Supplied with a switching chart, the RF- 
170 retails at circa £31.95. Further details 
from Ross Electronics, 49/53 Pancras 
Road, London NW1 2QB8. (01-278 6371) 


Briefly... 


The British Amateur Electronics Club 
(BAEC) is an amateur electronics club 
based in the UK, helping all who are in- 
terested in electronics. The key to the 


club's success lies in their quarterly 
Newsletter which contains many 
pages of circuits, advice, letters, news 
and exchanges etc. The club was for- 
med in 1966 and now has many mem- 
bers from beginners to experts. 
Membership for UK and Eire mem- 

bers is £7.00, overseas £8.50 (£12.50 
air-mail). Please enclose remittance in 
sterling with a s.a.e. to: C. Bogod Esq., 
“‘Dickens’’, 26 Forrest Road, Penarth, 
S. Glam. CF6 2DP. 
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in 1983 Britain's exparts to the USA were 
around £84 billion and it is expected the 
final 1984 figure will be around £114 
billion. Furthermore City brokers estimate, 
at present pound/dollar levels, an additional 
£4 billion worth of business could be won 
this year. This would mean that the UK visi- 
ble exports to the USA could be said to 
have tripled in five years. High quality 
manufactured goods such as Jaguar cars 
and Wedgwood china have spearheaded 
this trend. 

ee e« ¢ ®@ ‘ 
A progressive application of I.c.d. techn 
has been adopted by Nissan for their new car, 
the Laurel. Its rear view mirror has an 
automatic feature that protects the driver from 
headlamp reflections, The front of the mirror 
is covered by an Le.d. which is normally © 
transparent. A photosensor in the casing 
detects the excessive light and activates the 
Le.d. which darkens; thus reducing the dazzle. 

ee « @ @ i344 
According to Computing, the Newspaper, 
Acorn Computers is withdrawing from the 
education market in the USA. Their hopes 
of capturing 10 per cent of the market were 
dashed following approval delays from the 
Federal Communications Commission. A, 
further spanner in their works was the BBC 
micro’s lack of success against Apple. 
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Please check dates before setting out, as we cannot guarantee the ac- 
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HERE are a wide variety of methods to measure beats of 

the heart from feeling the pulse in one’s wrist to monitor- 
ing the differences in electrical potential through the body 
using an electrocardiograph. Such methods have their ad- 
vantages and disadvantages. The primary disadvantage of all 
these methods is that they involve direct contact to the body 
and consequently impose a safety hazard if any mains 
operated electrical equipment is associated with the heart 
beat measurement. In this particular design of a heart beat 
monitor, light from a 12V bulb is shone through the finger 
onto a photodiode. 

As there are no electrical contacts to the body, this 
method of pulse detection is inherently very safe. Each time 
the heart beats, a surge of blood is sent through the body 
which increases the density of the small fleshy parts of the 
body, particularly the fingers. Consequently the light passing 
through a finger will vary at each heart beat, and this varia- 
tion is detected by the photodiode. The output from the 
photodiode is amplified in a detector circuit to provide a 
CMOS compatible pulse each time the heart beats. 

In this particular design, the photodiode and 12V bulb are 
mounted on opposite sides of a 1 inch diameter plastic tube 
which is secured in an instrument case. For measurements 
to be taken, the finger is inserted into the plastic tube until it 
covers the photodiode and is held steady. 

As a digital readout is preferred to an analogue one, the 
time between successive pulses from the detector is ac- 
curately measured and digitally converted into beats per 
minute which are subsequently displayed on a 3 digit l.e.d. 
display. The display is latched for approximately 3 seconds 
before being updated by the next measurement. 


GENERAL PRINCIPLE 

A conventional frequency measurement technique of 
merely counting the pulses from the detector over a known 
time period cannot be used when measuring the relatively 
slow time periods associated with heart beats. Even a fast 
heart rate such as 150 beats per minute would take at least 
8 seconds to obtain an accurate reading. A low heart rate of 
around 60 beats per minute would take around 20 seconds 
to obtain an accurate reading. Consequently a novel, but 
simple measurement and conversion technique has had to 
be used which avoids the need for sophisticated devices 
such as microprocessors. 

The block diagram of the unit is shown in Fig. 1. The out- 
put from the detector circuit to the main unit initially 
measures the time interval between three successive output 
pulses from the detector. Assuming that the detector is 
monitoring heart beats at 60 beats per minute, the time in- 
terval between three successive pulses is 2 seconds.’ 
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Counter A is enabled for this period and is subsequently 
clocked from an 83-3Hz clock train. Hence, 166 will be 
counted and stored in the Counter A. The output from this 
counter is used to preset counter B to 166. Exactly 10,000 
pulses are then passed into the presettable counter B. The 
output pulses from this counter of 10,000/166 = 60 are 
then counted and stored in the display counter before being 
displayed on the |.e.d. display. The 83:3Hz clock pulse and 
10,000 pulse train generator are derived from an accurate 
100kHz oscillator. 


DETECTOR CIRCUIT DESCRIPTION 

The detector circuit, shown in Fig. 2, comprises four 
operational amplifiers connected in series. A dual op amp 
(CA3240) IC1 was chosen for the initial amplification 
because of its relatively low noise and high impedance FET 
input. IC1a is connected as a simple amplifier which am- 
plifies the variations in reverse leakage current through 
photodiode D3. The greater the intensity of light shining on 
the diode, the greater will be the reverse current through the 
diode. Resistor R17 provides additional bias current in order 
to ensure the output voltage of |C1a remains within the ac- 
tive region of the amplifier, even under extreme conditions of 
illumination. Resistor R13 is the feedback resistor for IC 1a. 
Under direct illumination from the 12V bulb, the output of 
IC1a at pin 1 will be at almost OV and will change to about 
5-5V when placing a finger in front of D3. This output 
voltage is connected via resistors R19, R18 and C9 to the 
second operational.amplifier IC 14b. 

This amplifier is connected as a second order, low pass 
filter with a cut off frequency of 15Hz, so that any mains fre- 
quency interference of 50Hz or 100Hz is attenuated. The 
output from this filter is coupled via C10 to another amplifier 
IC14a, which is connected as a straightforward, non- 
inverting, amplifier with a gain of approximately 50. The out- 
put from this amplifier is connected to IC 1b via resistors R24 
and R25. This amplifier is connected with positive feedback 
by connecting R26 between the amplifier output at pin 7 of 
1C1 and its positive input at pin 5. This feedback ensures the 
amplifier output voltage switches almost between the sup- 
ply rails Voo and OV. Also, it ensures that the amplifier will 
switch between states at very small differences in input 
voltage, and will remain in the state to which it has 
switched, similar to a Schmitt trigger. As R24 and R25 are 
identical the current flowing through these resistors into pins 
5 and 6 of IC1b will be identical. However, dn additional 
current will flow into pin 5 from the output pin 7 via R20. 
Hence, if the amplifier output is at Vop, pin 5 will be positive 
with respect to pin 6. A sudden change in light intensity im- 
pinging on the photodiode D3 will cause a rapid drop in 
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voitage at pin 1, the output of IC1a. This fall in voltage will 
also appear at pin 5 of IC1b but due to the capacitor C12, 
pin 6 will be slower to respond to the voltage change. Con- 
sequently pin 5 will go negative to pin 6 and the amplifier 
output will switch states to OV. Due to the positive feedback 
described earlier, the output of 1C1b will remain at OV until a 
positive going voltage appears at the output of IC1a. 

Before connection to the Main Unit, the output pulse from 
IC1b is connected via the CMOS monostable of 1C13a and 
1C13b. The amplification circuit is very sensitive, and the 
monostable ensures double switching does not occur, as the 
output pulse from the monostable is approximately 80ms. 

Resistors R15 and R16 provide a voltage divider chain 
which supplies Voo/2 for the bias voltage required for the 
operational amplifiers. C6 and C7 are supply decoupling 
capacitors. 


MAIN UNIT CIRCUIT DESCRIPTION 


The conversion and display circuits on the Main Unit are 
shown in Fig. 4 with CMOS being used throughout. The out- 
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Fig. 2. Circuit diagram of the Detector circuit 
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put pulse from the detector is initially buffered by NOR gate - 
IC2a, before clocking the binary counter |C6a. During the 
time interval between the 3rd and 5th pulse from the 
detector, pin 4 of |C6a will be in the high state. 

The signal from pin 4 IC6a is used to enable counter ICZ. 
After the fifth pulse from the detector, pin 5 of 1C6a will be in 
the high state and inhibits further counting of IC6a. 

IC7 is also a binary counter in which the two counters are 
cascaded together to form an 8-bit binary counter. IC7 
counts and stores the number of pulses from an 83-3Hz 
pulse train that can be counted during the time the counter 
is enabled from IC6a. The 8-bit parallel output from IC7 is 
immediately preset into the presettable down counter IC8. 

The 83-3Hz train is derived from a 100kHz oscillator 
comprising IC11a and IC11d. The oscillator can be varied by 
adjusting VR1 to compensate for component tolerances. 

1C11c buffers the oscillator output before connection to 
IC3, a dual decade counter. These counters are connected in 
series to provide an output of 1kHz which is connected to 
IC4b, This counter divides the pulse train by six, using gates 
1C12c and IC12d. The 166-7Hz pulse train from |C4b pin 13 
is connected to IC6b where it is divided by 2 to obtain the 
83-3Hz clock, required at the clock input of IC7. 

The 1kHz pulse train from IC3 is divided further by decade 
counter IC4a to produce 100Hz, and by decade counter 
|C5a to produce 10Hz at pin 6 of IC5. IC5 is only enabled 
after the 5th pulse from the detector has been received and 
counted by IC6, and IC7 has consequently counted and 
stored the 83-3Hz pulses as explained earlier. Initially all 
outputs from IC5 are at zero. When enabled, pin 5 will even- 
tually change to high which clears the old preset number in 
IC8 and clears the display counter at IC9. Approximately 1 
second later pin 11 of ICS goes high which inhibits the 
‘clear’ output of pin 5 via the NAND gate IC12b, The output 
from pin 11 of IC5 is a pulse train of 5Hz having an equal 
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Fig. 3. Circuit diagram of the Power Supply Unit 
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Fig. 4. Circuit diagram of the Main Unit 


mark to space ratio. Hence, logic jevel 1 appears for exactly 
100ms which is the exact time it would take 10,000 pulses 
to be counted from a 100kHz clock. This 100ms pulse 
enables IC8 while the 100kHz clock pulses from IC 1 1c clock 
IC8. The resulting pulse train output from !C8 is clocked into 
IC9 to be counted and displayed. The falling edge of the 
100ms enable pulse activates the reset monostable com- 
prising |C2c and IC2d. The resulting reset pulse of approxi- 
mately 3 seconds duration, resets counters IC5, [C6 and IC7, 
while inhibiting further counting during those 3 seconds. Af- 
ter the three second period has elapsed a further measure- 
ment may commence and the whole cycle will repeat. 

IC9 is a three digit BCD counter which provides a mul- 


tiplexed output, ideal for use with l.e.d. displays. The four 
BCD outputs are connected to IC10 a BCD-seven segment 
decoder driver which drives the l.e.d. displays X1, X2, X3 
directly via current limiting resistors R6 to R12. The digit 
driver transistors TR1, TR2 and TR3 operate directly from 
the digit select outputs of !C9 to switch on the displays as 
appropriate. 

The decimal point of all digits are commoned to provide 
an indication that a pulse is being received from the detec- 
tor. If the decimal points are not illuminated it is an indica- 
tion that no pulses are being received from the detector. Its 
usefulness will become evident when actually measuring 
heartbeats. Resistors R3 and R65 are the bias resistors for 
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Fig. 5. P.c.b. design for the Detector and p.s.u. 


Practical Electronics. March 1985 


TR4, the decimal point drive transistor. Capacitors C4 and 
C5 are decoupling capacitors. 


POWER SUPPLY 

The unit requires a regulated power supply of 180mA at 
around 8V d.c. to drive the logic and detector circuits, and 
around 300mA at 12V d.c. for the lamp. The p.s.u. circuit 
diagram is shown in Fig. 3. Briefly this comprises an 18V 
centre tapped transformer which is full wave rectified by 
diodes D1 and D2 to provide a peak voltage of 12V. This is 
smoothed by reservoir capacitors C14 and C15 before con- 
nection to the 5V regulator chip 1C15. Any variable or +5V 
regulator i.c. which provides at least 500mA will suffice. The 
resistors R28 and R29 effectively boost the output voltage 
to around 8V, yet maintain regulation. Good regulation of 
the supply is necessary to prevent noise on the supply rail 
being picked up by the detector, and to ensure that the 
100kHz oscillator remains within tolerance. The power to 
the 12V lamp is taken directly from the two 15,000uF 
microfarad capacitors C14 and C15. Such a high 
capacitance value is essential to reduce the ripple on the 
supply to the lamp to less than BOOmV. Excessive ripple will 
cause variations in light intensity emitted by the lamp which 


CTOR 


DETE 
Ypp ov I/P 


| 


will be detected by the photodiode and hence causes 
spurious readings. 


PRINTED CIRCUIT BOARDS 

Two printed circuit boards are required. The detector and 
power supply circuits were laid out on one p.c.b. while the 
Main Unit, containing the counters and display circuits, was 
laid out on the other. The component layout of the detector 
circuit p.c.b. is shown in Fig. 5 while the component layout 
of the counter and display p.c.b. is shown in Fig. 6. Particular 
care should be taken in placing the CMOS devices on the 
counter and display p.c.b. as the orientation of the chips 
varies. This was necessary to aid the track layout. 


ASSEMBLY 

The printed circuit board for the power supply and detec- 
tor circuit is mounted directly on the base of the instrument 
case along with the mains transformer. 

The positioning of the 1" diameter plastic tube, and the 
lamp to each other is critical however. It is essential that the 
lamp is held rigid in the instrument case as any movement, 
due to vibration etc., of the bulb will cause errors in the heart 
beat measurement. For this reason, a portable car map 


Fig. 6. P.c.b. design for the Main Unit 
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Fig. 7. Assembly diagram for the Monitor 


reading lamp of the type sold by Halfords was chosen. Not 
only is it convenient to mount into the instrument case, but it 
has a bayonet style bulb which provides a superior light 
source. It is necessary to cut the bottom off the lamp holder 
in order to fit it into the instrument case, and to ensure the 


on-off switch is permanently ‘on’. The lamp is secured by a_ 


1" diameter vertical mounting capacitor clip, as shown in 
Fig. 7. 

The plastic tube was cut so that it mounted directly onto 
the base of the case using a similar 1” diameter capacitor 
mounting clip as the lamp, and just protruded above the lid 
of the case. Hence the lid provides support against sideways 
movement of the plastic tube. The plastic tube must be 
mounted as close as possible to the lamp and immediately in 
front of it as shown in Fig. 7. Two holes should be drilled in 
the tube directly opposite each other. One hole of approx- 
imately 10mm diameter should be drilled in front of the lamp 
and the other of 4mm diameter should be drilled to mount 
the photodiode. It is essential that the photodiode is 
positioned exactly opposite the lamp. 

The photodiode is mounted on a piece of Veroboard on 
which the screened cable to the detectqr circuit is ter- 
minated. The photodiode is then positioned in the 4mm hole 
in the plastic tube. 

As the display circuit is mounted on the main p.c.b. it 
must be attached to the lid of the case using mounting holes 
drilled through the lid. A rectangular hole 13mm x 35mm 
must be cut into the lid for the display and should be backed 
by red perspex, araldited to the lid to emphasise the digits. 

Further holes for the on-off switch and the mains cable 
must also be drilled. 


TESTING AND SET UP 


Testing and setting up the Monitor is greatly eased if an. 


oscilloscope is available. Only the 100kHz oscillator needs 
to be accurately set up by adjusting VR1. This can simply 
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be achieved by monitoring IC11¢ pin 10 and adjusting VR1 
until a reading of 100kHz is obtained. 

An initial test should show that, when the unit is first 
switched on, only the lamp is illuminated. This indicates the 
power supply is operating correctly. Moving a solid object 
such as a screwdriver in front of the photodiode should 
cause the decimal points of the display to illuminate each 
time the screwdriver moves across the photodiode, This in- 
dicates the detector circuit is operating correctly. Rapidly 
moving the screwdriver in front of the photodiode five or six 
times should cause a number to appear on the l.e.d. display. 
This indicates the counter and display circuit is operating 
correctly. The display will not automatically reset to zero, but 
will be retained until replaced by a subsequent reading. 

If this sequence of events is detected the Monitor will be 
operating correctly and heart rate readings may be taken, 
after reading the Practical Considerations section. 


FAULT FINDING 

If the unit fails to operate correctly check for the obvious 
things first such as the correct voltage on the power supply. 
Next check the voltage levels at the output of the operational 
amplifiers. Check that the output of IC1a pin 1 and the out- 
put at pin 10 1C14 is approximately 5-5V when no light 
shines on the photodiode, and is approximately OV when 
light from the 12V bulb shines directly on the photodiode. | 
When actually measuring heartbeats, no detectable change 
in waveform will be apparent, however, at these outputs. 

The output of 1C14 pin 12 should be a 3-5 d.c. level with 
any light intensity shining on the photodiode, on which a 
200mV pk-pk waveform should be superimposed when 
measuring heartbeats. The output of IC1 pin 7 should show 
OV to 6-5V transitions at each heart beat. 

If the counter/display circuit is suspected as being faulty, 
again check the power supply voltage, and then the os- 
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cillator output, at IC11 pin 10. Check that there are 
waveforms of 100Hz and 167Hz at IC4 pin 6 and pin 13 
respectively. If all is correct so far, the conversion or display 
circuit must be at fault. However, if the |.e.d.s are displaying 
something, even if it’s all zeros it indicates the display circuit 
is operating correctly. 


When fault finding on CMOS circuits, the low logic level . 


should be at OV while the high level logic state should be 8V. 
However, any voltage below 3-5V will appear as a low logic 
state while any voltage in excess of 4-5V will appear as the 
high voltage state to the input of a CMOS device. 


PRACTICAL CONSIDERATIONS WHEN USING THE 
MONITOR 

As explained previously, the detector circuit amplifies dif- 
ferences in light intensity which impinge directly on the 
photodiode. Consequently it is very sensitive. The dif- 
ferences in the levels of light being measured are very small, 
and any movement of the lamp, or the plastic tube in which 
the photodiode is mounted, or any movement of the finger 
itself will result in a false measurement. It is therefore essen- 
tial that the finger is held perfectly stationary while measure- 
ments are being taken. Hence, it is recommended that the 
finger is placed directly onto the surface of the photodiode, 
without applying excessive pressure, in order to steady the 
finger while measurements are being taken. 


The three decimal points on the l.e.d. display will illu- 
minate each time a heart beat is detected. Hence it should 
be obvious when the instrument is correctly detecting 
heartbeats, and any double switching etc. will be indicated 
by several quick flashes of these decimal points. If this con- 
dition is prevalent, move the finger to a new position or 
alternatively, use a different finger. Note it may take a few 
seconds for the Monitor to ‘settle down’ before regular 
readings are obtained. 

If the three decimal points appear continuously il- 
iuminated, the detector circuit is picking up noise, and the 
IC1b monostable is continually being activated. As the 
monostable has an output pulse of approximately 80ms, 
pulses at 80ms intervals will be passed to the counter cir- 
cuit. As this equates to 750 pulses per minute, readings on 
the |.e.d. display of 714 or 769 will occur. Such noise is 
probably caused by airborne interference as detected by the 
photodiode if a mains operated tungsten filament is shone 
directly at the photodiode. 

The heartbeat monitor is accurate to within 1 beat per 
minute over the range 40 to 200 beats per minute. Below 
40 beats per minute, the readings become random. Above 
200 beats per minute, the quantisation error involved in 
digitally converting a time period measurement into a fre- 
quency measurement, becomes significant. Hence, accuracy 
decreases with increasing frequency. 
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Resistors, capacitors, semiconductors. Also lots 
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Durham Road, London SW20. Tel: 01-879 3439 
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FOR sale. Service manuals for Heathkit IM-230 
voltmeter, GD-1U Griddip meter, HD-10 elec- 
tronic keyer. £5 each. Mr. M. Small, 8 Cherry 
Tree Road, Chinnor, Oxon. OX9 4QY. 

WASP or other secondhand synth under £40 
wanted. Mr. P. J. Andrews, 4 Watford Close, 
Cranley Road, Guildford, Surrey GU1 2EP. Tel: 
0483 572705. 

1 AM interested in electronic music. Wanted cir- 
cuit diagrams, manuals of drum machines, syn- 
thesisers, effects. Pawel Buczkowski, Emilii 
Plater 36 M 29, 00-113 Warszawa, Poland. 
TEKTRONIX oscilloscope dual-trace 24 MHz. 
Good condition £130. Curve tracer for transistors 


£85. Marconi LCR bridge £75. Mr. T. J. L. Haley. 
Tel: 01-868 4221. 

SATELLITE television 4GHz L.N.A. down con- 
verter. 2 metre/70cm transceivers. VDU ter- 
minal. Other equipment. SAE for full list. D. C. 
Chapman, 6 Pickhurst Green, Hayes, Bromley, 
Kent BR2 7QT. 

CCIARCIAS 280 build your own micro project. 
Anyone interested in forming a self help group 
contact: T. S, Houghton, Well Farm, Great 
Ouseburn, York YO5 9RQ. Tel: Green Hammer- 
ton 30620. 

HELP and advice needed on equipment required 
for recording 78 RPM acoustic records to accep- 
table quality. R. Newsome, 50 Carn Bosavern, 
St. Just, Penzance, Cornwall TR19 7QX. Tel: 
Penzance 787111. 

UK101 64K memory basic X basic 5 Cegmon 
via board disc drive vortex operated word wizard 


disc £190. D. E. Melton, 35 Lyndhurst Road, 
London E4, Tel: 01-527 4492. 

COMMODORE 64 computer with cassette and 
software. Original cost over £450. Will accept 
£200. Marwen E. Elsabban, Corpus Christi 
College, Oxford OX1 4JF. Tel: 0865 52500 
(evenings). 

WANTED transistor fundamentals volume | and 
Il. Jack Anderson, 22 Landau House, Chatsworth 
Road, London NW2 4BW. Tel; 01-45, 3093. 
SOLARTRON CX 1444 sweep-delay X-amp. 
CX 1443 X-amp sub-unit. Both unused in 
original packings with handbooks. Tel: 09358 
23215. 

WANTED any broken C.B.s, linears, 
transceivers, etc. Cash paid. Write to: A. Jordan, 
23 Tytton Lane East, Boston, Lincs. 

WANTED manual and circuit diagram for Hart-, 
ley oscilloscope type CT436. Tel: 0303 42054. 
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QUAD SUPPLY & LINE MONITOR (UC3903) 


Aopen electronic equipment is par- 
ticularly sensitive to deviations from its 


normal power supply voltages. An excessively 
high voltage can often cause permanent 
damage, whereas a low voltage results in 
malfunction of the circuitry. The problem is 
compounded in multiple supply systems, 
where a low voltage on one supply rail can 
cause damage if another rail is held at the 
nominally correct voltage. A good example of 
this is in split rail supplies, where the loss of 
just one rail can cause damage to some types 
of op-amp. In order to help the designer avoid 
these problems, Unitrode have introduced a 
new i.c., the UC3903, which is intended for 
use as a supply voltage monitor in multiple 
supply rail systems. 


BLOCK OPERATION 

The block diagram of this i.c. is shown in 
Fig. 2. Essentially, it is a quad window detec- 
tor capable of monitoring four voltages 
simultaneously. These four voltages are con- 
nected to the sense |, 2, 3 and 4 inputs. The 
sense 4 input has an internal inverting op-amp 
provided which allows that input voltage to be 
either positive or negative, depending on the 
arrangement of external components used. 
Each sense input voltage is compared with 
two internally derived reference voltages, one 
which determines the over-voltage threshold, 
ie. the maximum allowable limit of input 
voltages, and the other which determines the 
under-voltage threshold, which corresponds to 
the minimum allowable input voltage. 


ucis03 
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GENERAL 
NON-|NVERTING 
9 PURPOSE 
17 | heat OP ane 


U.V-Fault output transistor to turn on. If all 
the supplies are within the two voltage limits 
then the Power O.K., O.V.Fault, and 
U-VFault transistors are all turned off, 
However, if either an over-voltage fault or an 


If one or more of the input voltages exceed 
the over-voltage reference, the O.V.Fault out- 


put transistor is turned on after a suitable 
delay period. 
Similarly, an  under-voltage causes the 


Maximum 


= 


Typical 


i 


PES 8 


Supply Voltage 
(normal operation) 


Spec's measured at +15V 
supply unless otherwise 
stated 


U.V., O.V., and line fault 


Supply Under Voltage 
Threshold 


Quiescent Current 


A 


7 
°o 


Below this supply voltage 
threshold, fault outputs 
are disabled 


Minimum Supply to 
Enable ‘Power O.K,’ 
Output 


Reference Voltage Veer, at 25°C 2.465 2.5 2-535 
(and see Fig. 4) 


Reference Load O/P current (pin 2) = 

Regulation Oto 10mA 

Reference Line Supply = 8 to 40V mV 
Regulation 

Open Collector Output Pins 11, 12 and 14 40 Vv 
Voltage 

Open Collector Output Pins 11, 12 and 14, 70 

Current (max) O/P = 2-0V 

Open Collector Pins 11, 12 and 14, 0-25 Vv 
Saturation Voltage O/P current = 12mA 

Sense Input Bias Current] Pins 6, 7,8,9 and 15 +1 
(max) 


frnse.zemss | -o3 | | 20] v | 
fos | oa | | sao | v | 


Fig. 1. Pinout and specifications 
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OP-AMP OUTPLIT 

OP-AMP INVERTING 
INPUT 

OP-AMP NON-|NVERTING 


INPUT 
SENSE 199 


SENSE? 
SENSE 3 


SENSES 


SENSE 4 INVERTING INPUT @ 


ah 


VREF OUTPUT (+2-5V) @ 
: REFERENCE 
YOLTAGE 
GENERATOR 
WINDOW ADJUST 


OV SUPPLY 9 


LINE/SWITCHER SENSE 


under-voltage fault is detected, then the Power 
O.K. transistor is turned on, somewhat 
paradoxically showing that power is 
specifically not O.K.! To avoid false alarms, 
internal circuitry detects when the supply to 
the i.c. itself is at a low level (usually during 
turn on or turn off) and disables the outputs 
during this period. A separate line & switcher 
sense input is provided, which controls only 
the Power O.K. output to provide early warn- 
ing of mains voltage or other power source 
failures. Finally, a ‘general purpose’ op-amp is 
provided to extend the flexibility of the i.c.; 
this is ideal for use when two negative supplies 
need to be monitored. 


3-925 
30 
2-875 
2-75 
2-625 


FAULT WINDOW 25 
(AS A VOLTAGE) 


2375 
2-25 
2125 
20 


1-875 


Fig. 2. Block diagram 


INPUTS AND THRESHOLDS 

The four sense inputs have a permissible 
range of —0-3 to +20V, as can be seen in Fig. 
1. In fact, the input circuitry includes a series 
2k resistor and a 5-7V Zener diode to OV, so 
at voltages above 5-7V the input impedance 
will be fairly low. This will rarely be a problem 
in practice because the i.c. is designed for a 
‘normal’ input, i.e. a valid input voltage, of 
2-5¥. The input impedance at around this 
voltage is very high indeed, so the various 
voltages to be monitored can be scaled with 
potential dividers (or amplified externally if re- 
quired) to the nominal 2-5V level. 

The over and under-voltage thresholds are 


= 


FAULT WINDOW 
(AS A PERCENTAGE) 


as 
a 


WINDOW ADJUST VOLTAGE, PIN 4 
Fig. 3. The effect of the window adjust voltage on the fault window 
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set by voltage reference circuitry within the 
ic., in conjunction with a ‘window adjust’ 
voltage applied to pin 4. The effect of this can 
be seen in Fig. 3. At low window adjust 
voltages the fault window (in this case the 
range of ‘acceptable’ input voltages) is narrow, 
so the i.c, is very critical of errors in the sense 
input voltages. 

At high window adjust voltages the fault 
window is wide, so the ic. is very tolerant of 
variations in sense inputs. Typically, 1 volt on 
pin 4 will allow the inputs to vary by +10% 
from nominal. Hysteresis prevents ‘hunting’ of 
the i.c, around the threshold points, and this is 
also shown in Fig. 3. Pin 4 is a fairly high im- 
pedance point so a simple pair of resistors can 
be used as a potential divider from the 2-5V 
reference output, pin 2. Incidentally, the 
voltage reference is ideal for use in other parts 
of the circuitry, if required. It has reasonable 
regulation, and tracks well with temperature 
as shown in Fig. 4. Furthermore, it has a high 
output current capability—typically 40mA. 


NEGATIVE INPUTS 

The sense 4 input of the UC3903 can be 
used as either a positive or negative voltage 
monitoring point. By connecting pin 5 to a 
high voltage the inverting op-amp output will 
be reverse biased, allowing pin 6 to behave as 
a perfectly normal sense input. However, if a 
resistor is connected between pins 5 and 6, 
and a negative voltage is connected to pin 5 
via a second resistor, the op-amp will invert 
the negative voltage (with whatever gain or at- 
tenuation is set by the ratio of the resistors) 
and allow the sense 4 facility to monitor this 
positive derivation of the original negative 
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ERENCE VOLTAGE PERCENTAGE CHANGE 


-55 -35 -15 +5 +25 +45 +65 +65 +105 +125 


JUNCTION TEMPERATURE "C 


Fig. 4. Variation on 2-5V reference with 
temperature 


voltage. The spare ‘general purpose’ op-amp is 
provided for any suitable application, one ex- 
ample of which is to invert a second negative 
voltage, and feed this into sense 1, 2 or 3 ina 
similar arrangement to that used for sense 4. 
The op-amp can source over 20mA of current, 
so it will come in useful for many other pur- 
poses in other parts of the circuitry. 


OUTPUTS 

The three outputs from the comparators 
section of the i.c. are all open collector tran- 
sistors. Hence, to get a voltage swing out of 
these outputs a pull-up resistor to a positive 
supply will be needed in each case. All the 
transistors can switch 40mA or more, so they 
are ideal for directly driving relays or in- 
dicators. Total dissipation for the whole i.c. 
should be kept below 1W (at 25 degrees cen- 
tigrade)., Naturally, if driving inductive loads, 
protection diodes should be added between the 
i.c.’s outputs and the load’s positive supply 
rail. 

The UC3903 is provided with sophisticated 
protection against erroneous outputs during 
power-up and power-down. Until the i.c.’s 
own supply has risen above a supply under- 
voltage threshold (between 5-5 and 8-OV) all 
the outputs are disabled, and the start-up latch 
is reset. The latch prevents any under-voltage 
fault being signalled until all the sense inputs 
have gone above their under-voltage 
thresholds for a first time since power was ap- 
plied. When they have all gone above the 
threshold the first time, the latch is set, and 
normal operation of the U.V.Fault output can 
begin. This has all been designed to allow for 
slow-starting or supply sequencing, but should 
be borne in mind if immediate response to 
under-voltage conditions, when power is first 
applied, is required. 

The line/switcher sense input is a general 
purpose facility that directly affects only the 
Power O.K. output. No time delay is included, 
and its threshold is nominally 2-OV rather 
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Fig. 5. Widening an individual fault 
window 


than the 2-5V used elsewhere. The Power 
O.K. transistor is turned on (i.e. power is NOT 
O.K.) when the line/switcher sense input drops 
to below this threshold. Its intended use is to 
allow the monitoring of voltage levels earlier 
on in a power supply system, either from the 
secondary of the mains transformer or from a 
power transformer in a switching regulator. In 
both these cases the waveform would have to 
be rectified (by a series diode), smoothed 
(capacitor and resistor to OV) and attenuated 
prior to monitoring. The smoothing capacitor 
should be made as small as possible to allow 
fast reaction to any loss of power. This 
arrangement could allow the UC3903 to shut 
down other circuitry and systems before 
serious damage might be caused. 


DELAYS 

Both the under and over-voltage systems 
have a delay facility. This is activated by con- 
necting capacitors from pin 10 and 13 to OV. 
The effect is to delay the activation of the 
U.V.Fault or OV Faulk outputs by a time of 
typically 30ms per microfarad. If the fault 
condition at the sense input is removed during 
the delay period then the delay is cancelled 
and no fault output is signalled. This arrange- 
ment allows for immunity against noise spikes 
on the supply causing spurious fault outputs. 
Leaving pin 10 or pin 13 open circuit provides 
the fastest possible response to fault condi- 
tions, but the least tolerance of noise on the 
supplies. 

It is important to note that the delay cir- 
cuitry was designed primarily to operate in the 
microseconds and small number of millise- 
conds range. Although fairly large capacitors 
can be used to give several seconds delay, they 
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Fig. 6. Narrowing an individual fault 
window 


can cause the start-up latch to operate in- 
correctly. Specifically, the use of large 
capacitors results in undey-voltage sense in- 
puts triggering the U.V.Fault output (after the 
appropriate delay) directly after power-up, 
without having to first be taken above the 
under-voltage threshold as would normally be 
the case, (This is due to the inability of cir- 
cuitry within the ic. to charge up very large 
capacitors quickly enough.) 


ADJUSTING WINDOWS! 

Figs. 5 and 6 show techniques which can be 
used to alter an individual sense input’s fault 
window. This can be necessary when just one 
particular input requires either tighter 
tolerance monitoring, as in the case of a preci- 
sion reference, for example, or wider tolerance 
such as might be required for an unregulated 
supply. 

The UC3903 is a very cleverly thought out 
device, which is ideal for use in monitoring 
supplies in larger electronic systems. Its uses 
don’t end there of course, as it makes an ex- 
cellent general purpose window detector for 
many types of transducer input, giving warn- 
ing of variations in liquid level, temperature, 
light level, etc., as appropriate. Other devices 
in the family are the UC1903 and the 
UC2903, which are functionally identical to 
the 3903 but feature extended temperature 
ranges and slightly better specifications. 


AVAILABILITY 

The UC3903 can be obtained from 
House of Power, Electron House, Cray 
Avenue, St Mary Cray, Orpington, Kent 
BRS 3QJ, or Thame Components, Thame 
Park Road, Thame, Oxfordshire. 


AUTO SHUT-DOWN 
MULTIPLE REGULATOR 


HIS circuit uses the UC3903 ic. to 
monitor three supply voltages, as part of a 
three rail power supply system. The circuit 
diagram is shown in Fig. 7, and its Veroboard 
layout in Fig. 8. If any of the supplies are 
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taken further than +10% from their nominal 
value, ALL the supplies are shut down, and 
are kept shut down by blowing a pair of fuses! 
This offers a comprehensive, if cautious ap- 
proach to ensuring that imbalance in multiple 


supplies and over-voltages do not cause 
damage to the circuitry being powered by 
them. 

IC2, IC3 and IC4 are the three voltage 
regulators in question, giving supplies of 
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+15V and +5V from unregulated +20V in- 
puts. These are provided with the usual 
protection diodes and stability-maintaining 
capacitors. R11 and R12 tap down the +15V 
supply to a nominal +2-5V to feed into IC1, 
and likewise R13 and R14 feed 1C3’s output 
to IC1. IC4 uses the sense 4 inverter, with 
R15 and R16 allowing, again, +2-5V to be 
present at pin 6 of ICI, Pin 8 is used to 
provide a push-button test facility, $1, which 


(SEE TEXT) 
‘SLOW BLOW 


CSR2 
TIC 126M 


<D 
(SEE TEXT) 
SLOW BLOW 


tests the effect of an under-voltage at the sense 
input. In normal use, sense 2 is biased to 
+2-5V by R20. 

Resistors R18, R19 (two resistors keep the 
power requirement down) and D7 provide a 
‘Power O.K.’ Led. facility. When the Power 
O.K. output transistor of IC1 turns on, 
current from.R18 and R19 is sunk by IC1 pin 
14, and the Le.d. turns off. R21 and R22 set 
the window adjust voltage at pin 4 to 1-0V, 
which defines the fault window as + 10%, as 
shown in Fig. 3. C8 and C9 are connected as 
shown between terminal pins A, B and C, 
since their values might need some ex- 
perimenting with. The line/switcher input, pin 


15, is not used, so is kept biased to the positive 
supply rail by R17, and the general purpose 
op-amp likewise is unused, so it is connected 
as a voltage follower (pin 16 is connected to 


pin 18), with the non-inverting input tied to. 


Vrer 


SHUTTING DOWN 
The automatic shutting down is not a subtle 
affair, but it is effective! CSR1 and CSR2 are 
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Fig. 7. Auto shut-down multiple regulator 


8 amp thyristors triggered by TR1 and TR2 
respectively. TR2 in turn is turned on by TR3 
and TR4, with associated resistors, which 
provide level shifting to the negative supply 
rail from the all-positive supply used by ICI. 
The U-V-Fault and O.V-Fault outputs are 
wired together so that the thyristor circuit is 
triggered by an over-voltage, an under- 
voltage, or even both simultaneously. When 
the thyristors are triggered they immediately 
blow both fuses and clamp the regulated sup- 
plies near to OV via D1, D2 and D3. 

The unregulated supply should be 
nominally +20V. The positive half should not 
exceed +24V, since damage to IC3 might 


y 
occur. (Naturally, if a 7805 is not, used this 
voltage restriction does not apply.) The supply 
should have enough current capability to drive- 
the required current out from the regulated 
supply outputs, plus a little in hand. Naturally, 
FS1 and FS2 should be matched to this max- 
imum current capability. It may seem surpris- 
ing that slow-blow types are recommended, 
but in practice the thyristors blow them effec- 
tively instantaneously, and their otherwise 


uc3a903 


slow action prevents inadvyertant blowing due 
to minor transient pulsing of the thyristors 
themselves when power to the circuit is turned 
off. The choice of thyristor is not critical, but 8 
amp types were used in this case to be safe 
with surge current handling capability. The 
thyristors only conduct for a fraction of a 
second before the fuses blow, so there is no 
time for them to get hot and no need for heat- 
sinks. IC2, 1C3 and IC4 have been placed 
close to the edge of the board to allow easy 
fitting of their heatsinks, via insulating kits 
due to the internal connection of their metal 
tabs to the centre pin, Any momentary switch, 
local or remote, can be used for SI. : 
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SELECTING THE DELAYS 

Capacitors C8 and C9 should be selected to 
give the delays required. Typically, it is 
suggested that the response to over-voltages 
should be fast, as circuits are at considerable 
risk, whereas under-voltages are less serious. 
The prototype circuit used InF for C8 giving 
an over-voltage delay of approximately 30us, 
and 100nF for C9, giving an under-voltage 
delay of 3ms. Be aware that too short a delay 
for under-voltages can result in false triggering 
due to the regulators not charging C2, C4 and 
C6 fast enough during turn-on, and too long a 
value can cause the effects described earlier. If 
a regulator output is under-voltage (for exam- 
ple, shorted to OV) when power is first applied, 
the circuit will fail to shut down; the UC3903 
requires that the sense input must first be 
taken above the under-voltage threshold. It 
can be impractical to use the Power O.K, out- 
put, since that goes into the ‘not O.K.’ condi- 
tion during power-up. If this is a concern, 
however, it is a fairly straightforward process 
to add extra circuitry to combine all three out- 
puts satisfactorily to provide shut-down under 
even these conditions. 

The circuit can prove rather tedious to test, 
since the first thing that happens if there’s a 
fault is that it blows the fuses, at which point 
there’s nothing to test any more! Initial tests 
should be done with R1 and R4 omitted, 
which prevents CSR1 and CSR2 being 
triggered. When the fuses have been blown, 
the supply should be turned off and the un- 
regulated supply allowed to discharge before 
new fuses are inserted, or they will blow im- 
mediately in all likelihood. PCB fuse clips are 
used in Fig. 8, but off-board fuseholders could 
equally well be used, of course. 


P.E. MONO-STEREO ECHO-REVERB (SEP84) 200ms echo, lengthy 


reverb, multi-tracking kit as published - BLK box: SET 218 £55.66 


PE. FILTER-SHIFT PHASER (OCT84). Enhanced Phasing with 
modulated filter shifting. Kit as published - BLK box: SET 226 
£39.13 


P.E. RING MODULATOR (NOVBA), With maul weverorm vco, 
Noise Gate & Auto-level Control. Kit as published - BLK box: 
SET 231 £39.99 


—= 
P.E. MONO-STEREO CHORUS FLANGER (JAN85/. Superb duai 
mode music enhancement. ar 7 published - BLK box: SET 235 
66 


BLK BOX - steel & aluminium, black plastic finish. STD BOX — plain aluminium, lipped lid. 


SET codes include PCBs, parts, instructions, boxes, wire, solder. 
More details & kits in catalogue - send SAE. (Overseas £1 or 5 IRC’s). 
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Fig. 8. Veroboard layout of the multiple regulator 


as BOOST: Increases volume of lower octaves Ser 138B 
BLOW BOX: Voice operated VCF & VCA for fascinating effectsSET 214 
CHORUS (SIMPLE}; Multiplied solo enhancement SET 162 
COMPRESSOR; Limits & jevels maximum signal strength SET 133 
ENVELOPE SHAPER: Note triggered ADSR unit with VCA = SET 174 
EQUALISER: Variable combinations of Low, Mid, Top & NotctSET 217 
EQUALISER: 10 Channels fully variable SET 134 
FADER: Voice op»rated with § response controls SET 167 
FLANGER (SIMPiE): Fascinating phased resonance effects SET 153 
FREQUENCY CHANGER: Tunable note & waveform modifier SET 172 
FREQUENCY DOUBLER: Guitar octave raiser & tone changerSET 98 
FUNKY-WOBULO: Modulates a singing voice SET 149 
FUZZ: Smooth distortion, retains attack & decay SET 9) 
GUITAR OVERDRIVE: Heavy fuzz with selectable qualities 
GUITAR SUSTAIN: Extends note decay time, with noise gate SET 222 
GUITAR TO SYNTH INTERFACE: With voltage & trig outputs SET 173 
HAND CLAPPER: Auto & manual variable clap effects SET 197 
HEADPHONE AMP: 2 watts into phones or speaker, variableSET 156M 
JABBERVOX: Voice disguiser with reverb & tremolo SET 150 
METRONOME: With audio output & visual beat & downbeat SET 143 
MIC PRE-AMP: Variable again & switched tone response SET 147 
MIXERS: Several in catalogue 
MOCK STEREO: Splits mono signal into stereo simulation SET 213 
MULTIPROCESSOR: Fing, Rvb, Faze, Fuzz, Wah, Trem, Vib 
MUSIC MODULO: 8 variable tremolo & wah guitar effects 
MUSICAL CALL SIGN: Programmed call sign generator 
NOISE GATE: Reduces tape & system noise 
PHASER {SIMPLE}: Auto & manual rate & depth controls 
REVERB: (SIMPLE) Mono/stereo, variable depth & delay 
RHYTHM GENERATOR: Computer driven, 9 drum effects 
RHYTHM GENERATOR: 15 pre-programmed rhythms, 9 effectsSET 170 
ROBOVOX: Versatile robot type voice modifier SET 165 
SPEECH PROCESSOR: Clearer speech and level contro! 
STORMS EFFECTS: Auto & manual wind, rain & surf effects SET 154 
SWEEP GENERATOR: Auto sine wave 20Hz-15KHz, variable SET 169 
TOM-TOM SYNTH: Sound triggered, multivariable SET } 
TONE CONTROL: Bass, mid, treble, gain & cut 
TREBLE BOOST: Increases volume of upper octaves 
TREMOLO: Mono variable rate & depth modulation 
VOLTAGE CONTROLLED FILTER: 12dB, variable modes 
VOCODAVOX: Modular vocoder, 7 chans, extendable 
VODALEK: Robot type voice modulator 
bay 1S Swit CH: Variable sensitivity & delay 

(AH: Auto, manual & note triggered 


: Add 15% VAT & £1 P&P to all orders (overseas details in cat). Payment CWO, CHQ, 


Praag 
PO, ACCESS, VISA. Details correct at press. E&OE. Despatch usually 10-14 days. 


PHONOSONICS, DEPT PE53, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. 
Tel: Orpington 37821 (STD 0689, London 66), Mon-Fri 10-7. 
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$ most readers of Practical Electronics will know, we have, 
over the last few years, maintained extensive coverage of 
modern developments such as micro computers and robot 
technology. In keeping with this policy, we are now looking at 
the applications and effects of these technologies in practical 
use, 


TECHNOLOGY IN INDUSTRY 

The scope and possibilities for the use of modern technology 
in all areas of commerce and industry are enormous. In a-very 
short period of time, we have seen the introduction of com- 
puters, microprocessor control systems and robotics. Such 
acronyms as CAD/CAM, ATE and AGV have become every- 
day terms. Despite this, there are very few companies who have 
utilised this modern technology to any where near its full poten- 
tial. Indeed it seems that the so called second industrial revolu- 
tion is proving to be a fairly slow change. 

The failure to respond by many firms, may well bring about 
their own downfall. However, one company which is committed 
to new technology is Mars Electronics which, for the last five 
years, had maintained a growth of 50 per cent per annum. 
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MARS ELECTRONICS 


Mars Electronics are associated with Mars, the confectioners, 
and were originally set up to promote further outlets for their 
confectionery products. This was achieved by setting up their 
Money Systems Divisions in the seventies, which produced coin 
validation and acceptance mechanisms for vending machines. 
They now supply over 90 per cent of the European and 80 per 
cent of the world market in coin mechanisms. 

Since then Mars have diversified their product range by 
setting up a Marine Systems Division which launched Vigil 
Radar in 1983. This product quickly established them as a 
market leader in small boat radar, a position which they look 
likely to maintain. In December 1984 they launched two new 
products, Vigil-2 and Vigil-RM which they claim will give them 
global supremacy for years to come. 

At the moment they are working on Automatic Test Equip- 
ment (ATE), which they think will give many small electronics 
companies their first chance to buy advanced electronic test 
gear. Much of the ATE now available is far beyond the reach of 
these companies with prices often in the region of £100,000. 
Once again Mars confidently predict their superiority in the 
market place. 
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The key to the success of Mars lies in their unique manufac- 
turing concept and clever marketing strategy. According to their 
Systems and Automation Manager, Nigel Kingsley “An ulti- 
mate aim of the company is to have total automation of stock 
handling and manufacturing processes.” This together with their 
niche marketing strategy has made Mars one of the fastest 
growing companies in Europe. 


“An ultimate aim of the company is to 
have total automation of stock handling 
and manufacturing processes” 


COMPUTER INTEGRATED MANUFACTURE (C.1.M.) 

In one of their two British factories at Reading, Mars have 
created a futuristic working environment. In a fairly small 
building tailored to their own needs are housed over 200 ter- 
minals (keyboards and VDUs) all linked by their own local area 
network (LAN). With a total staff of only 600, working on three 
shifts per day, this gives an average of one terminal for each 
employee. 

The factory itself is completely open plan, fully carpeted in all 
areas including the production line. No one has an office and the 
canteen caters for management and staff alike. Some rooms are 
cut off from others but for reasons of security rather than per- 
sonnel importance. 

The computer network is split into several sections each deal- 
ing with a particular task, such as design, manufacturing and 
commercial activity. Because all these functions are interelated 
information is being constantly transmitted between sections, 
enabling a very flexible and cost effective system to operate. Us- 
ing this system almost every process is computer aided or con- 
trolled. A block diagram of the C.I.M. model is shown in Fig. 1. 
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COMPUTERS IN ACTION 


The first stage in the production of a finished product is the 
design. This is only started after extensive market research into a 
particular area. The policy of Mars Electronics is to aim at a low 
to medium size market and then arrive at a product which they 
believe cannot be matched either in quality or price. This 
strategy allows them to lead a particular field and by constant 
improvement maintain this lead. (The reason for aiming at low 
to medium size markets is that it would be impossible at this 
stage to compete with mass production, and at the same time 
would drastically reduce flexibility.) 

Much use is made of their CAD/CAM system (VAX 11/34), 
which is connected to the LAN and runs ‘Aplicon BRAUD’ 
software. The six work stations connected to the system provide 
a comprehensive CAD/CAM facility enabling advanced design 
capability. Plans are now ahead to take the system further by 
direct connection to the process machinery. This will allow 
design and manufacturing data to be transferred directly to the 
automated process machines making for a more efficient. 
system. 

Once a product has been designed, then the required 
materials are entered into the manufacturing computer system 
and a production line and test area is set up. At all times there is 
a facility to change at very short notice to another product, or 
modify designs to suit the manufacturing processes. In fact, the 
Mars factory currently produce between 600 and 700 different 
products. This is achieved by their system of modular design 
whereby different production lines can easily be set up to meet 
changing demand, 

The ‘Manufacturing’ computer (HP3000/48) has 3 Mbytes of 
on board memory with single 125 Mbyte and 404 Mbyte disc 
systems. Software such as: Manufacturing Management, 
Quality Assurance, Sales Specification and Administration are 
all carried out using around 40 terminals connected to the 
system. 


the way ahead Richard Barron 


TERMINALS 


PCs HP-150 
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1X 404 Mbyte DISC 
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Fig. 1. Block diagram of 
the C.1.M. model 
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There are existing connections between this system, and the 
Commercial and Materials Control computer (HP 1000) via the 
DS/300 link. A further 20 terminals have access to the Com- 
mercial computer which performs: Sales order processing, 
Payroll, and various Ledger functions including Purchasing and 
‘Sales, to mention but a few. The Materials Control Computer 
has twin 64 Mbyte disks and provides all the necessary control 
data for the stock control system and the AGV’s. 

At this point automation really comes into its own. The com- 
puter’s data store (memory) has all the necessary information to 
maintain stock levels and keep the production running smoothly. 
Much of the production is automatic and components can be 
distributed to any section of the assembly line or storage space 
as required. This is made possible by the use of Automatic 
Guided Vehicles (AGVs). 


AUTOMATIC STORAGE AND RETRIEVAL SYSTEM 

When stock is delivered to the factory it is manually placed 
into trays and bar coded. At the same time the relevant details 
are fed into the computer. AGVs then transport the trays to the 
storage area where they are transferred to ‘automatic fork lift 
cranes’. The cranes move the materials to the required storage 
space under the guidance of the Materials System computer. 
This means that once goods have entered the factory, the com- 
puter has a record of the level and whereabouts of all materials. 
A diagram of the stock control system is shown in Fig. 2. 

Throughout the factory there is a network of buried foil 
tracks which can guide the AGVs. This allows the movement of 
goods to any required area under complete control of the 
operating system. For example, suppose a batch of resistors is 
needed at a particular production area, then it is a simple task 
for a manual operator to key in the required code. The system 
will respond by checking the storage location of the item re- 
quired and instructing the stacker cranes to retrieve the correct 
tray, and pass it to an AGY. The AGY will take the items to the 
selected area where they are accepted by a manual operator who 
will read the bar code. This will cause the computer to update its 
stock files and respond accordingly, maybe by producing an 
order form for more components. 

At any one time there may be a number of AGVs moving 
around the factory, transporting and retrieving materials from 
all areas. This system offers many advantages over the old 
fashioned manual method of stock handling, such as: increased 
efficiency, smaller storage and total reliability. 


PROCESS MACHINES 
The process machines are not at the moment directly connec- 


Above: An AGV delivering materials to the store. 
Right: Complex machinery gives total control 


ted to the LAN, but plans are under way for future development. 
Even so there are facilities for any machine to be serviced by the 
CAD/CAM and the AGVs, thus even at this stage there is little 
manual input. Mars have several process machines in operation 
including automatic sequencers, axial inserters, dil. inserters, 
pin inserters and flow soldering equipment. 


AUTOMATIC SEQUENCER 

When a production run is decided upon, then the required 
stock which is recorded in the computer can be retrieved as and 
when necessary. The stock is distributed between the various 
departments for use at the required time. All axial components 
such as resistors, capacitors, diodes and inductors can be 
automatically inserted into the p.c.b. This is quite a complex 
operation and must be done in a strict sequence. To ensure this 
sequence an automatic-sequencer will load bandeleros of com- 
ponents to be fed into the insertion machine. It does this 
under the control of a computer program which instructs the 
machine to extract particular discrete components from a series 
of feeders and place them one at a time in the bandelero (similar 
to that of a machine gun). The bandelero is then transferred to 
the insertion machine which need not be programmed with the 
type of component but merely the insertion sequence. 


STACKER CRANE 
UNDER COMPUTER 


MATERIALS CONTROL CONTROL 
COMPUTER LINK —y ae ® 


Fig. 2. Schematic diagram of 
the Automatic Storage And 
Retrieval System 
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STORAGE AREA 


@) Goods received, packed in trays and bar coded. 
Stocker crane receives trays, 
Trays automatically stored at appropriate shelves. 
® AGY, system (ransports materials around the factory. 


COMPUTER 
CONTROL 
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INSERTION 

Most of the components are automatically inserted, other 
than such items as relays and three terminal devices like tran- 
sistors and regulators. The axial components are fed into the in- 
sertion machine already sequenced so it is a relatively straight- 
forward task. The leads are formed to the required spacing and 
the p.c.b. is positioned under the insertion head. Each compo- 
nent is handled in much the same way. It is inserted into the pre- 
drilled p.c.b., the leads are cut and then bent over to provide 
mechanical strength. All parameters (lead length, bending etc.) 
are preprogrammable and may be altered at any time, so the 
whole operation may be done with the minimum of human 
supervision, 

The d.i.l. package insertion is done in a similar way, except 
that the sequencing is an integral part of the operation. Feeders 
are loaded with a variety of devices, each feeder having a 
particular device. The p.c.b. is automatically positioned under 
the insertion head and the machine will select components in the 
required order, insert them, cut the leads, and bend them to the 
required pitch. 

After these two operations are completed the p.c.b. is then 
transferred to the human operated production area via conveyor 
belts or AGVs. Here they are finished with any other compo- 
nents necessary before being transferred to the flow soldering 
machine. At any time throughout any of these operations a par- 
tially completed job may be taken back to the stores for tem- 
porary storage and at all times the computer would be aware of 
the progress and location of any particular component or part- 
work. 


FLOW SOLDERING 
When the p.c.b.s have been assembled they are fed into the 
flow soldering machines which exposes them to several 
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processes. The boards are heated and fluxed before being fed 
into the solder bath. After this process the manually inserted 
component leads are cut and the whole board is immersed in 
cleaning fluid. When the boards come out they are fitted with the 
last few components which couldn’t be immersed or exposed to 
heat. From here they are passed to the inspection and testing 
sections. 

The testing departments make extensive use of ATE which on 
most occasions has been made or modified for their own par- 
ticular needs. Test jigs are set up for each particular type of 
board and tests can then be made for component values and 
tolerances, and p.c.b. faults such as short or open circuits. 
Following this stage they are passed to mechanical assembly 
which at the moment is essentially manual. 


Photo illustrating 
an off-loading bay 
for the AGV. 
There are many of 
these situated 
around the fac- 
tory at con- 
venient positions. 
At the present 
off-loading is a 
manual operation 
but a five-year 
robotics plan is 
underway which 
will eventually 
make all stock 
handling auto- 
matic 
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PEOPLE 

The working environment for manual production is a far cry 
from the sweatshops and soul-destroying tasks of the first in- 
dustrial revolution, although there are still a number of boring 
manual jobs which have to be done. “Tt is the aim of the com- 
pany to eventually replace any manual tedious operations with 
robots.” They are presently equipping a factory adjacent to their 
existing premises which will have all the current facilities but will 
be enhanced by a five year robotics plan. Particular emphasis 
will be on “Pick and Place” robots. 


“It is the aim of the company to even- 

tually replace any manual tedious opera- 

tions with robots” 
iE 


As was mentioned earlier the bulk of the mechanical 
assembly is done manually but to increase reliability and ef- 
ficiency Mars have moved away from the traditional linear 
production line by introducing a Swiss idea of circular produc- 
tion. Here one person may be responsible for a complete 
assembly instead of being forced to a single task of, maybe in- 
serting one type of component all day long. 

This system works by having a rotating work station split into 
several sections. Each section will have a working area with the 
main assembly, and a parts tray. The idea is to fit one part to the 
assembly and then rotate to the next section and fit the same 
part to that assembly. When the initial section is reached 
another part may be fitted and the sequence repeated. At the end 
of the operation the result is a number of complete assemblies all 
being the responsibility of one person. This gives rise to a much 
greater sense of satisfaction than could otherwise be achieved 
under the old system. : 


THE FUTURE 

The consequence of modern technological developments and 
their use in industry has not yet been seen and it will be a few 
years before their full effects are. appreciated. It is certain that 


The human input—a fairly relaxed working environment— 
carpets all round! 


many laborious and repetitive tasks will be undertaken by 
automatic machinery and that the field of communication and 
commercial business will become computer controlled. 
However, with the predicted increase in consumer goods 
manufacture and the so called computer revolution there may 
well be a social problem requiring a complete change in social 
attitudes. 

The promised employment opportunities in the new industries 
have not happened and it looks now as if they never will. A 
report from the National Economics Development Office 
showed that employment in the industry has dropped by 12 per 
cent since 1980. It is a catch-22 situation where governments 
and individual companies face a difficult decision. If new 
technology is adopted then new jobs are unlikely in great num- 
bers, but without it firms will find it difficult to compete with 
efficient manufacturers. The way ahead? * 


A selection of readers’ original circuit ideas. 

Why not submit your idea? Any idea published will: 
be awarded payment according to its merits. 

Each idea submitted must accompanied by a 
declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica- 
tion elsewhere. It should be emphasised that these 
designs have not been proven by us. They will at any 
rate stimulate further thought. 


NYONE who has worked in a shop or 

similar workplace, having a customer 

operated bell, will agree that an awful lot 
of people are persistent button pushers. 

This circuit was designed to give a 
single pulse train at a set frequency for a 
set duration. Any subsequent button 
pushing will be of no avail, until the circuit 
is manually reset by the operator. 

The circuit is of simple design, employ- 
ing a CMOS ic. 40106 as an astable and a 
monostable. The monostable sets the os- 
cillator into operation when the counter 
switch S1 is pressed and the oscillator 
drives a speaker via TR1. Once activated, 
the oscillator will run its course and further 
operation will be inhibited until the reset is 
activated. 

M. Miller, 
Topsham, 
Devon. 
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Low Cost 


BEC Speech 


Synthesiser anthony roord 


number of designs have been published in the elec- 

tronics press for speech synthesis units, either intended 
specifically for the BBC Computer or more widely compa- 
tible. They are generally connected to the parallel printer or 
user port. This ties up one port and takes up valuable desk 
space. 

A much neater solution is provided by Acorn themselves. 
Their system consists basically of two integrated circuits for 
which provision has been made on the main p.c.b. The com- 
puter’s internal speaker and amplifier are used and the 
operating system takes care of the interfacing requirements. 

On consideration however, the Acorn unit does appear to 
have two drawbacks; firstly, it is preprogrammed, giving only 
a limited selection of words and, secondly, it retails at over 
£50, 

The design presented here uses the popular General In- 
struments Speech Processor to give a virtually unlimited 
vocabulary. If constructed as described it may simply be 
plugged into one of the sockets inside the computer; no 
track cutting or other modifications are necessary. It is com- 
patible with the operating system, and retains the other ad- 
vantages offered by Acorn’s system (but will not, of course, 
produce intelligible speech with software written for the 
Acorn Unit). As a bonus, two different volume levels can be 
selected under program control and the total cost should not 
be more than about £15. 


SYNTHESIS 

There are several possible techniques for the production 
of artificial speech. One method is to record the required 
phrase in digital form and then play it back—hardly syn- 
thesis really. With adequate data rates this can sound ex- 
tremely good (compact discs are an example). Acceptable 
quality can only be achieved at the cost of large amounts of 
memory, making this approach somewhat inflexible. At the 
other extreme, electronic analogues of the human vocal tract 
have been built. These consist of a number of filters, an os- 
cillator and a noise source, all controlled from the computer. 

At the present time the systems in widespread use fall 
into one of two classes. Either information describing com- 
plete words is stored {in a compacted form to reduce 
memory requirements); or, a collection of basic sounds, 
known as ALLOPHONES, are used, which may be strung 
together to form any desired word. 

The latter approach is inherently more versatile, and it is 
this method which is used in the General Instruments SP- 
0256 ic. The attendant disadvantage is that whereas 
human beings can subtly adjust the individual allophones, 
depending on the neighbouring sounds, to produce smoothly 
connected speech, electronics (as yet) cannot. Both 
methods are capable of adequate (though rather mechanical 
sounding) results. 
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The SP-0256 can produce 59 separate sounds (and five 
pauses of varying lengths) which enable English words to be 
built up. It should be noted that both the SP-0256 and the 
Texas Instruments TMS5220, used by Acorn, have digital, 
Pulse Width Modulated outputs. This takes the form of a 
series of pulses at a frequency of several kHz. Varying the 
width of the pulses alters the mean output voltage and this 
average level is recovered by low-pass filtering to give an 
audio signal. : 


+5V 


IC3f 1C3e 


103 =4049 


Fig. 1. Circuit diagram of the Special Synthesiser 
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CIRCUIT DESCRIPTION 

The heart of this circuit, like many others, is the SP-O256 
ic, This device is responsible for the actual speech synthesis. 
The remainder of the circuitry is required to allow it to 
replace a TMS5220, and to provide two switched volume 
levels. The circuit diagram is shown in Fig. 1. 

All the necessary filtering and amplification is performed 
by components already present in the computer. The SP- 
0256 accepts a six bit binary input which corresponds to 
one of sixty four possible output sounds (including the five 
which are silent). This is taken from lines D@ to D5, and is 
stored in internal latches on receipt of an active-low WS 
pulse. The remaining data lines, D6 and D7 are latched by 
the 4013 dual D-type flip-flop. Inverter |C3b is included as 
the 4013 expects an active-high clock signal. D6 is taken 
high by the computer as part of the procedure to reset the 
TMS5220, and so is used (in inverted form) to reset the SP- 
0256. This ensures that the unit remains silent on power-up 
and BREAK. D7 is used to select between volume levels. 
Both the output of the SP-0256 and that of the 4013 are 
buffered by inverters. If D7 is a logical ‘1’, then the cathode 
of D1 is taken to +5V. It thus has no effect on circuit opera- 
tion and full volume results. A logical ‘0’ causes the cathode 
to be taken to ground and the diode clamps the voltage ex- 
cursion at the output, reducing the volume obtained. 

The SBY output of the SP-0256, which goes high when it 
has finished speaking or is reset, is inverted to give RDY. 
This is an active-low signal informing the computer that it 
may send the next data byte. Using the active-low output of 
the SP-0256 would prevent the computer from successfully 
executing a reset operation as this too goes high, inhibiting 
the transfer of data. 

L1, C1, C2 and C4 are frequency determining components 
for the SP-O256 internal oscillator. C4 enables some adjust- 
ment of the vocal pitch to be made, and it is worthwhile try- 
ing the effect of different settings. Increasing frequency also 
makes the computer talk slightly faster. Finally, note that a 
4049 must be used. A 4069 has a reduced output capabi-~ 
lity, and may be too slow for this application. 


CONSTRUCTION 

The method of construction adopted for the prototype 
(see photographs) is slightly unusual in that it involves 
soldering the p.c.b. directly to the d.i.|. header at right angles. 

This is recommended as it results in a single, rigid, self- 
supporting assembly and cuts down on off-board wiring. 
However, it is perfectly possible to use the more conven- 
tional length of ribbon cable, and even to build the circuit on 
matrix board, If you make your own p.c.b. from the layout 
given, be sure to cut it to the size shown. There is very little 
clearance inside the BBC Computer. 

The first step is to mount all the components on the p.c.b., 
not forgetting the eight wire links. IC1 is a relatively expen- 
sive MOS device and should certainly be socketed. It is 
probably worth using sockets for the other i.c.s. as this will 
save a great deal of trouble if any problems occur. Soldering 
calls for some care as several tracks run very close to each 
other. ; 

The 28 pin headers used to be hard to find, although this 
seems no longer to be the case. An alternative is to chop up 
a 40 pin header. Anything else is definitely not a good 
idea—sticking bits of wire in may damage the BBC's socket. 
The next step then is to glue the p.c.b. to the header. 

First tin the tracks where they are to be soldered to the 
header. The p.c.b. should be placed so that it is between the 
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Fig. 2. P.c.b. and component layout of the Speech 
Synthesiser 


two rows of pins and so that the tracks line up with the pins. 
A bracket is needed to hold it in this position. For the 
prototype a length of 4” plastic channel which, is generally 
available at modelling shops, was used, but a similarly sized 
strip of wood could be employed. With the p.c.b. located as 
shown in the photo and pressed against the header pins, 
glue the bracket to both it and the header, using a quick 
setting epoxy resin compound. This is the only tricky part. 
When this has set the six flying leads may be wired from the 
p.c.b. to the header, as shown in Fig. 2. 

On the prototype it proved necessary to slightly file down 
one edge of the header to clear a capacitor in the computer. 
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INSTALLATION 

Fitting the unit is very straightforward. The top of the 
computer is secured by four screws. These are situated one 
either side at the back and underneath at the front. 

All further directions assume the computer is viewed from 
the normal position, i.e. the keyboard is in front. Thus the 
power supply lies to the left. The speech processor socket 
(labelled IC 99) is the righthand of the two adjacent 28 pin 
sockets by the p.s.u. With the computer switched off, the 
speech synthesiser should be plugged in so that the p.c.b. is 
on the left side and extends towards the back. This can be 
seen in the photographs. Care should be taken to ensure that 
all the pins are correctly sited and pressed fully home. 

The sound quality will be dramatically improved if the top 
is put back on the computer, although it would perhaps be 
tempting fate to replace the screws before testing the 
system! 


OPERATION 

To send a byte to the speech synthesiser, use is made of 
the BBC Microcomputer’s OSBYTE call (CALL &FFF4). This 
is entered with A% set to the parameter to be passed. An 
illustration of this is given by PROCspeak in the demonstra- 
tion program. The program allows ten words to be defined 
and spoken. It was developed on a computer fitted with OS- 
1.2. To keep it as short as possible few REM statements 
have been included, but it should be quite self explanatory. 
PROCspeak expects data to be stored as character strings, 


Allo- 
phone 
No. 


shOUt 
Dot 
Got 
liVing 
Gear 
SHoe 
meaSure 
tRap 
Fat 
taCK 
Cat 
Zap 
kiNg 
Lit 
Wet 


OMIM RWNH-O 


Table 1. Complete list of available allophones 
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63 19263 192555519 
42 23 1694922 1351 
7425517511612 112017 
9191351 
96951 
9124117 


B.B.C. 
Computer 
Exterminate 


912416217 
$7951 
1921319 
4053 11 
57 53 16 


Table 2. Some (appropriate) examples of word construction 


other solutions are possible, such as integer arrays. 

The numbers recognised by the speech synthesiser are 
listed in Table 1, together with their corresponding sounds. 
Values in the range O to 63 will cause the allophones to be 
spoken quietly, while those in the range 128 to 191 will 
result in the same allophones being spoken with greater 
volume. Numbers between 64 and 127 or 192 and 255 in- 
clusive will turn the unit off, as will the BREAK key. 

Table 2 contains some examples. Constructing words 
becomes very easy with a little practice. It is important to 
think of them as strings of sounds and to pay no attention to 
spelling. There are several very similar allophones, and the 
best result may only be obtained through trial and error. Not 
all the sounds are equally good, the ‘TH’s seem particularly 
bad, and here substitution of another allophone is often 
worthwhile. The short vowels such as ‘E’ (No. 7) and the ‘S’ 
and ‘F’ sounds can be used twice in succession to stress a 
syllable. It is also possible to place short pauses in words to 
good effect. A 50ms pause is about right between words in 
a phrase, and a longer pause between phrases. It is impor- 
tant to end with a pause or the last allophone will continue 
to sound. This is taken care of in PROCspeak. 

There are algorithms which convert written text to 
allophones and one of these might be implemented. Ob- 
viously they cannot be perfect in a language which allows 
“cough” and “rough”, and pronounces “lead” differently in 


Photograph illustrating the position of the 28 pin socket 
(1C99) for the Speech Synthesiser 
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different contexts, but with judicious mispelling they are a 
big help, and often incorporate a dictionary of such excep- 
tions. In addition to speech, some fascinating sound effects 
are possible, try a string of ‘i’s or ‘p’s or random allophones. 
Like most speech synthésisers, it is much easier to un- 
derstand if you are used to it and know what is being said. 
Apart from its obvious applications for the blind and situa- 
tions where you cannot watch a television screen, it is hard 
to suggest a compelling reason to build it, although there is 
great scope for experimentation with speaking alarm clocks 
etc. But, it is one of the cheapest computer peripherals 
available, and most people still find a speaking machine sur- 
prisingly impressive. * 


| DEMONSTRATION PROGRAM 


10 MODE7 

20 DIM name$(9) 

30 DIM allophone$(9) 

40 PRINT TAB(6,2); "SPEECH DEMONSTRATION 
PROGRAM” 

50 


60 REM title$ IS ALLOPHONE STRING FOR TITLE 
70 title$="7IS2C! GPXK7MgT%XKCIg5=gZP” 
80 PROCspeak(title$, 1} 
90 REM SET UP USER DEFINED KEYS 

100 *FX225,128 

110 *FX226,138 

120 FOR index%=0 TO 9 

130 allophone$(index%)=CHR$(0) 

140 PROCmenu(index%) 

150 NEXT 

160 speakmode=FALSE 

170. REPEAT 


180 IF speakmode THEN PROCgetword ELSE PROCupdate 


190 UNTIL FALSE 

200 END 

210 REM PROCupdate ALLOWS MENU TO BE ALTERED 
220 DEF PROCupdate 

230 PRINT TAB(2,23);’Type ‘S‘ for Speech mode.” 

240 INPUT TAB(2,17);’“WORD NUMBER (0-9)”; reply $ 
250 PROCwipe(17) 

260 PROCwipe(23) 

270 IF reply$="S" THEN speakmode=TRUE: ENDPROC 
280 index%=VAL(reply$) 

290 IF index%>9 THEN 240 

300 PRINT TAB(2,19); name$({index%) 

310 PRINT TAB(2,20); 

320 FOR count%=1 TO LEN{allophone$(index%)) 


330 PRINT;ASC(MID$(allophone$(index%), count%,1));" "; 


340 NEXT 

350 PRINT TAB(2,23);"Press (RETURN) to continue 

360 INPUT TAB(2,17);"WORD NAME “:reply$ 

370 IF reply$<>’”” THEN name$(index%)=reply$ 

380 PROCwipe(17) 

390 PROCwipe(23) 

400 word$="" 

410 REPEAT 

420 PRINT TAB(2,23); “Press (RETURN) to continue.” 

430 INPUT TAB(2,17); “ALLOPHONE NUMBER 
(0-63) “; reply $ 

440 PROCwipe(17) 
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450 IF reply$<>’” AND VAL(reply$)> —1 
AND VAL(reply$)<64 THEN 
word$=WORD$+CHR$(VAL(reply$)) 

460 UNTIL reply$="" 

470 IF word$<> THEN allophone$(index%)=word$ 

480 PROCmenu(index%) 

490 PROCspeak(allophone$(index%),0) 

500 FOR count%=19 TO 23 

510 PROCwipe(count%) 

520 NEXT 

530 ENDPROC 

540 REM PROCgetword GETS WORD FROM MENU 
CORRESPONDING TO KEY PRESSED 

550 DEF PROCgetword 

560 PRINT TAB(2,23);’Type ‘A’ to Alter menu.” 

570 PRINT TAB(2,17);"(SHIFT) to raise volume.fO—-f9 ?”; 

580 reply$=GET$ 

590 IF reply$="A” THEN speakmode=FALSE 
:PROCwipe(17):PROCwipe(23):ENDPROC 

600 index%=ASC(reply$)—128 

610 If index%<O OR index%>19 THEN 580 

620 If index%>39 THEN loud=TRUE:index%=index%—10: 
ELSE loud=FALSE 

630 PROCspeak({allophone$(index%),loud) 

640 ENDPROC 

650 REM PROCmenu PRINTS ONE LINE OF MENU 
SELECTED BY index% 

660 DEF PROCmenu(index%) 

670 PROCwipelindex%-+6) 

680 PRINT TAB(2,index%+6);index% 

690 PRINT TAB(6,index%+6);name$(index%) 

700 ENDPROC 

710 REM PROCwipe ERASES ONE LINE SPECIFIED 
BY Y% 

720 DEF PROCwipe(Y%) 

730 PRINT TAB(O,Y%);SPC(40): 

740 ENDPROC 

750 REM PROCspeak OUTPUTS STRING TO SPEECH 
SYNTH 

760 DEF PROCspeak(word$,loud) 

770 IF loud THEN offset=128 ELSE offset=O 

780 A%=159 

790 FOR count%=1 TO LEN(word$) 

800 Y%=(ASC(MID$(word$,count%,1)) AND &3F)+offset 

810 CALL &FFF4 

820 NEXT 

830 Y%=offset 

840 CALL &FFF4 

850 ENDPROC 
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ELCOME to BBC Forum, P.E.’s new 

monthly page devoted to the BBC 
Micro. You may be wondering why we are in- 
tending to devote a whole page, every month, 
to this machine. After all this is an electronics 
magazine, and such columns have a habit of 
being full of software listings of interest only 
to an eccentric minority; no fit subject for a 
soldering iron user. Have no fear, the 
emphasis will be on practical applications of 
electronics to computers, and not computing 
for computing’s sake. In this first column, 
therefore, we would like to take a little time to 
explain our approach to the subject. Inciden- 
tally, Sinclair owners may be interested to 
hear that our sister publication, Everyday 
Electronics, will be running a similar series 
aimed at the Spectrum. 

Over 370,000 BBC Micros have been sold 
since the machines first became available in 
early 1982. It boasts a performance which still 
compares favourably with its most recent 
competitors, it’s well equipped, widely used in 
schools, there’s plenty of software available 
for it, and it can be used at the heart of all 
sorts of systems. Price is the BBC Micro’s 
major drawback, but this does not prevent it 
from having a wide and enthusiastic follow- 
ing. I must confess to being a convert to the 
cause myself. 

So much for the potted biography of the 
machine, but what about the reality of owning 
a computer? We are constantly told that com- 
puters will revolutionise our lives, but for 
many people ‘home computer’ is just another 
word for ‘games machine’. At the next level, 
we see users moving on from proprietary 
software to writing their own, usually in 
BASIC. Equally, the trend is away from 
games to applications which actually set the 
machine to work, e.g. word processing. As our 
understanding of the machine increases, the 
more directly we are able to apply the power 
at our disposal, e.g. central heating control. To 
make this final step, however, we usually need 
to move away from BASIC, and look at the 
hardware of the computer itself. In this way 
we can add hardware to the computer to con- 
trol our own peripherals such as lamps and 
valves, rather than the more traditional 
printers and cassettes already catered for. This 
is the objective of this column! 

The projects and techniques that we will be 
looking at will not involve opening up the 
micro, and will only connect to the interfaces 
supplied as standard on the model B. 
However, even if you do not have a BBC 
Micro, many of the projects will be readily 
adaptable for many other machines, par- 
ticularly those with a 6502 microprocessor 
such as the Commodore 64 and Apple IIe. 
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INTERFACES 


The BBC Micro is particularly well en- 
dowed with interfaces. Even if not actually fit- 
ted with a particular interface when delivered, 
the main circuit board, case and power supply 
are all designed to take al] of the interfaces 
without the need for external add-on boxes or 
adaptor modules. In this way, any BBC Micro 
can be upgraded to the full specification if re- 
quired. The interfaces which can be supported 
are as follows: 

Cassette Interface 

RS423 Port 

Analogue Input Port 

Light Pen Input 

RGB Monitor 

UHF Television - 

Composite Video 

Paralle] Printer Port 

Floppy Disc Interface 

User Input/Output Port 

1MHz Bus Interface 

Processor Bus Interface 

Econet Interface 

Speech Synthesiser 

Paged ROMs 

The model B is supplied with all of these 
fitted except the floppy disc interface, Econet 
and speech synthesiser. With the now discon- 
tinued Model A 16k RAM is fitted, and the 
interfaces are limited to UHF television, com- 
posite video and the cassette port. The BBC 
Micro can thus reasonably be described as 
having enough I/O facilities to be going on 
with! Indeed, the problem is a little more like 
being spoilt for choice. Over the next few 
months, therefore, we will be exploring these 
interfaces, their strengths and weaknesses. 


Wherever possible, we will be including a brief 
discussion of the internal hardware which sup- 
ports the interfaces. 


USER PORT 


We start this month with a look at the user 
input/output port. Next month we will be 
describing this port and its uses in greater 
detail, but for the moment we will start by 
looking at its connections. The user port is the 
centre one of the five connectors located on 
the underside of the keyboard. As shown in 
Fig. 1, the port has eight input/output lines 
and two control lines. The 20-pin user port 
connector requires a mating insulation dis- 
placement cable mounting socket and ribbon 
cable for connection to the outside world. 
These are available, either separately or made 
up as leads, from a number of advertiser’s in 
P.E. The RS part number of a suitable connec- 
tor is 469-881, and of corresponding 20-way 
ribbon cable is 357-867. NEXT MONTH: 
Using the I/O Port. * 


FINALLY 


I would be delighted to hear from readers 
with suggestions, hints for inclusion or 
problems, but would like to stress that any 
reply will only be through this column. 
Correspondence should be addressed to ‘BBC 
Forum Letters’, at P.E.’s editorial address. 


Anyone considering purchasing a BBC 
microcomputer can obtain pre-sale advice 
from a number of sources, including; BBC 
Microcomputer System, PO Box 7, London 
W3? 6X/ (send a large SAE). 


| 
TOP 
BOTTOM 
Fig. 1. Viewed looking into the socket 
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COMMERCIAL BREAK 


| make no apologies for coming back so 
‘ soon to cellular radio. In no other area of 
‘ electronics is so much of such importance 
happening so fast. By the time you read 
this, Britain should have its first cellular 
~~ system. We shall by now be seeing how the 

» Government policy of splitting the service 
between two rivals works in practice. 

: To recap very briefly, on the one hand 
>) there is TSCR, a joint venture between 
"= British Telecom and Securicor which will 
| provide a service called Cellnet. The rival 
=) company is Racal which will provide the 
=) Vodafone service. 

' Technically both services are compatible, 
with transmission on the 9OOMHz UHF 
band, and 25kHz channel spacing. The 
© British system TACS (Total Access Com- 
* munication System) is derived from the 
— American AMPS (Advanced Mobile Phone 
"= System) which operates at around 850MHz 

~ with 25kHz spacing. 

" Under the terms of the Government 
=, licence given to TSCR and Racal the two 
» services have to be completely separate 
/ and running by March. The intention, of 
* course, is to stimulate competition. In fact 
the situation is made even more com- 
petitive, because TSCR and Racal are only 
-* allowed to provide a service and sell air 
>, time. They cannot sell hardware to end 
/ users. This has to be done through retailers 
and it’s where the real commercial battle is 
- being fought. 

* The cellular service with the best retail 
~ backing is the one which will show a profit 
© in the long run. In the short term it won't 
'. matter. There is a pent-up demand from 
*~. people who desperately want a phone in 

- their car or briefcase. They will buy from 
© anyone. But once this pent-up demand has 
~. been satisfied, the service will have to be 
=) sold with a capital S. 


COMPUTER SWITCH 


*, Racal played a quiet, clever game. While 
». saying little to the press, the company 
>. struck a deal with Ericsson of Sweden to 
= provide the computer switch. This is a 
» daunting piece of equipment. It controls all 
. the base stations in a city area, so that as a 
mobile moves from one cell to another the 
signal is “handed off” from one transmitter 
to another with a different frequency for 
each call. 

if you talk to anyone in the armed forces, 
» the odds are they will have heard of Racal. 
~ The company makes radio communications 
and location equipment for the services. So 
Racal knows about frequency hopping and 
chose Ericsson for the switch, because the 
Swedish company also has a big market in 
the defence sector. Moreover, Ericsson built 
the switches for the NMT, which is the Nor- 


fi uate 


dic Mobile Telephone Service. This provides 
cellular radio for 120,000 subscribers 
across Finland, Sweden, Norway and Den- 
mark, on the 450MHz band. 

The Ericsson switch has two central 
Processor units, run in synchronism, so that 
if one goes down the other drops in. The 
program is stored in a dual memory, of 1-5 
megaword capacity. The words are 18 bits; 
16 data plus 2 for error correction. The data 
store, for subscriber numbers and billing in- 
formation, is of similar 1-5 megaword 
capacity. The power supply is 48V floating 
from the mains on batteries. All memories 
are doubled up for security. 

One switch can support around 60,000 
subscribers. The first Ericsson switch went 
to Racal for use in London and the next 
should by now be installed in Birmingham. 

Choosing Ericsson for the switch helped 
Racal pull in its prize catch, retail support 
from Pye and Philips. [n domino fashion the 
Pye-Philips liaison helped convince the AA 
to back Racal and so put the company 
automatically in touch with its 5-6 million 
members. These are all potential sub- 
scribers to cellular radio, although only a 
fraction will be able to afford it. 

In a careful run-up to launch, Racal has 
been investing heavily in TV advertising 
which does nothing more than familiarize 
the public with the Racal name. Behind the 
scenes Racal has been talking to journalists 
in specialized areas, for instance broad- 
casting, telling them how valuable cellular 
radio will be to a news team on the run. 

The deal with answering machine com- 
pany Answercall, with Dixons as an outlet, 
puts Racal in touch with the high street. In 
fact, few people reckon that cellular radio 
will be a real consumer item. What is a con- 
sumer? “Someone who pays for what they 
buy out of their own pocket,” says Len 
Davis of Philips, which is just about the 
best definition I've heard. 


ONE-STOP FITTING SERVICE 


Most people who use cellular radio will 
be spending company money. Dixons will 
have to organise some sort of "one stop” 
fitting service, where customers can leave 
the car in the morning and pick it up at 
night, with dial tone buzzing. Buying and 
fitting piecemeal is a potential disaster. 

Cleverly, Racal has insisted that all 
retailers use the service name Vodafone. 
This should cut through some of the confu- 
sion which is bound to arise when two 
competitive, different but compatible, rival 
cellular systems hit the market. 


CELLNET UPDATE 


At ludicrously short notice TSCR held a 
press conference to bring us up to date on 
Celinet activities. Invitations for a Wednes- 


BARRY FOX 


day meet were received through the post » 
on Tuesday. With or without justification 


TSCR blamed the BT share flotation. 
When you get behind some of the PR 


and management front at Cellnet, the © 


engineering expertise is impressive. TSCR 


uses Motorola computer switching, Each 7 


unit handles around half the number of sub- 
scribers handled by the Ericsson switch 
used by Racal, around 30,000 instead of 
60,000. 


This will let Cellnet make its service P, 


dynamic, that is shrink and change the size 


of cells, reduce transmission power and | 


change reception and hand-off thresholds 


to suit special requirements. For example, if | 


every company director with a car or por- 


table phone goes to Wimbledon tennis next | 


summer, the Cellnet service can make more 
channels available for them by tightening 


the cells in that area. How will McEnroe ny 


react to the sound of phones ringing? 


The dynamic approach may make it | 


easier for Cellnet to provide a service for 
small hand portables rather than fixed car 
phones or bulkv transportable units. These 


need higher signal strength and smaller ae 


cells. 


At their last-minute demonstration, 7 
Cellnet showed frequency re-use. All 9) 


demonstrations before that had relied on 
cells using different frequencies. But, of 


course, cellular theory relies on different 7 
cells in the same area re-using the same = 


frequencies. Cellnet ran two 4 kilometre 


cells, around 15 kilometres apart, each us- ‘ 


ing the same 10 channels, without mutual 
interference. 

To test signal strength, Cellnet engineers 
have been driving around Britain for the last 
year with a Rover car equipped with a 


magnetometer. This plots its position ac- ~ 


curately by reading the Earth’s magnetic 
field. The car also has a signal strength 
measuring system which logs reception 
data every three centimetres which the car 
travels. This lets the engineers try out 
transmitter sites and see how they cover an 
area in practice. 


BE WARNED 


In America some manufacturers are now =. 
selling off Japanese cellular equipment very © 
cheap. It is likely that some of this will find 


its way into Britain, and will be offered for 


sale at under the going price of around © 


£1,500 for a mobile transceiver. 


Be warned. Uniess you buy from an : 
authorised dealer, the transceiver won't - 


work with either the Cellnet or Vodafone 
system. US frequencies and channel spac- 
ings are different. The UK main computers 
just won't accept any calls unless the sub- 
scriber’s number is stored into the Cellnet 
or Vodafone service memory with an OK 
code. 
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all of the power amplifier 
sribed without the need 
kers. A further obvious advan- 
take place without damaging one’s 
i ating the neighbours! Unlike the loud- 
r systems which it replaces, the load is small, light- 
yht and inexpensive. 
\ithough the load is somewhat conservatively rated at 
100W continuous r.m.s. output power, it is capable of hand- 
ling power levels in excess of 200W for short periods, Essen- 
tially the load consists of ten parallel connected flameproof 
ceramic resistors, each rated at 7W. The complete arrange- 
ment is immersed in an oil bath which aids cooling, hence 
raising the maximum total power dissipation. 
4 The load is conveniently housed in a 1lb Golden Syrup tin, 
the seal between the outer case and lid being perfectly ade- 
quate to contain the oil without risk of spillage whilst the 
. outer tin-plate casing provides further effective heatsinking. 
I If desired the case can be painted matt black in order to 
assist with radiation of heat. 

The load is also provided with a simple signal detector 
which, with the aid of a d.c. meter and the calibration graphs 
supplied, will enable constructors to ascertain the output 
power level achieved with a reasonable degree of accuracy. 


SKI SK3 
(RED) (REO) 


RI- R10 


INPUT (SEE TEXT) 


1 OUTPUT 


(BLACK) 


(BLACK) 
SK2 SK4 


Fig. 2.1. Circuit diagram of the Dummy Load 


The circuit of the dummy load is shown in Fig. 2.1 whilst 
_the physical construction is shown in Fig. 2.2. The tin lid is 
prepared by marking out ten equidistant points on the flat 
section (near the outer rim). These points should be at inter- 
vals of 36 degrees and should be indented using a centre 
punch before drilling with a 1mm diameter drill. The four 
“sockets should then be mounted and sealed (to prevent oil 
excaping from the container) using an epoxy resin based 
adhesive. 
Next, the resistors should be mounted on the tin lid which 
provides a common termination for the resistors. The 
-resistor leads should be fed through the 1mm holes and 
soldered on both sides of the lid before trimming. The other 
‘end of the resistors are then fed to a ‘star’ point which is 
linked to SK1 using a substantial conductor (e.g. 16/0-2mm 
anded PVC covered wire). The remaining components are 
nm ussenibigd and soldered into:place following the layout 
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Finally, the tin is filled with clean multi-grade oil to within 
10mm from the top and then the lid assembly is lowered 
into the oil, checking that the resistor bodies are fully im- 
mersed, |t is, of course, important to check that the lid is 
firmly in place before using the load, 

Calibration graphs for 4 and 8 ohm dummy loads are 
shown in Figs. 2.3 and 2.4 respectively, Measurements are 
made with a d.c. milliammeter connected between SK3 and ' 
SK4 and with a 1kHz sinusoidal input. A suitable signal 
source based on a 741 operational amplifier will be 
described in Part Three. 


SIDE VIEW 
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RI-R10,Ct &SKI 
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GETHER AS SHOWN 
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PRE-AMPLIFIER/LINE DRIVER 

The power amplifier module described last month requires 
an input of approximately 1V r.m.s. for full output, Where a 
signal source is unable to provide such an output level, extra 
gain will be required. Furthermore, in many applications one 
or more power amplifier modules will have to be driven from 
a remote signal source. In such applications, low impedance 
distribution is advantageous as is the ability to provide a 
balanced output. 

The pre-amplifier/line driver module provides a modest — , 
value of voltage gain which is adjustable from 1 to 5 approx- 
imately. The pre-amplifier/line driver has both low and 
medium impedance balanced and unbalanced outputs and 
operates from nominally +30V and —30V. These rails can be 
derived either- from the power amplifier itself or from the 
power supply module described in Part Three. 


guises al aw bela 
(for the 4 and’8 ohm versions 
_ respectively) (10 off) : 
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“2mins CIRCUIT DESCRIPTION 
vada PON Aga soils tte) The circuit of the pre-amplifier/line driver module is shown 
wm isopod oe ex. pare in Fig. 2.5. A simple inverting operational amplifier is formed 


by IC1 and associated components. The gain of this stage is 
made adjustable by means of VR1. IC2 and its associated 
components form a unity gain phase inverter. Signal outputs 
at 1 and 2 are thus of equal amplitude but are in anti-phase, 
A Darlington transistor, TR1, is used as an emitter follower 
to provide a separate low-impedance unbalanced output. 
The supply voltage rails for 1C1, |C2 and TR1, are regulated 
by means of shunt Zener stabilisers, D1 and D2. 


POWER OUTPUT POWER OUTPUT 
(Ww) iW) 
100 


90 


o 1 2 3 6 5 6 7 6 o 123 4 § 6 7 6 
(FETETSP) DETECTOR CURRENT (mA) DETECTOR CURRENT (mA) 


Fig. 2.3. Calibration Fig. 2.4. Calibration 
graph for a 4 ohm load graph for an 8 ohm load 
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LINE DRIVER 
INPUT, 
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Fig. 2.6. P.c.b. design for the pre-amplifier/line driver 


CONSTRUCTION 

With the exception of the input and output signal connec- 
tors, all components are mounted on a single sided p.c.b. 
measuring approximately 65mm x 115mm (i.e. identical in 
size to the power amplifier module). The component overlay 
for the p.c.b is shown in Fig. 2.6. Components should be 
assembled on the p.c.b. in the following sequence; terminal 
pins, i.c. holders, resistors, capacitors, transistor, Zener 
diodes, and pre-set resistor. Care should be taken to ensure 
the correct orientation of all polarised components. 

When the p.c.b. wiring is complete, the underside of the 
board should be carefully checked for solder bridges and dry 
joints whereas the component side should be examined 


paying particular attention to the correct placement of 
components. 
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a : 


In applications where the power amplifier module is to be 
used in the proximity of the signal source (as would be the 
case in a ‘domestic’ environment) the pre-amplifier/line 
driver module may be conveniently mounted within the 
same enclosure as that used for the power amplifier module. 
In this case the supply rails can be simply derived from the 
power amplifier. 

Alternatively, where the power amplifier module is located 
remotely, the pre-amplifier/line driver module may be 
mounted in almost any small instrument case. In this case a 
typical wiring layout is shown in Fig. 2.7. As before, the 
supply rails may be derived from the power amplifier module 
using a 3-core cable plus a separate screened signal lead. In 
some applications (i.e. where a very long cable run is 
necessary) such an arrangement may not be convenient and 
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hence the separate mains powered module (to be described 
in Part Three) should be utilised. . 

The line-driver input may be tinked to either of the pre- 
amplifier outputs or, where remote distribution is concerned, 
may be used separately to monitor the signal input with 
medium/high impedance headphones. 


SYSTEM CONFIGURATION 

Various system configurations are possible depending 
upon the number and location of power amplifier modules 
and on the total output power required. Six typical arrange- 
ments are shown in Fig. 2.8. 

Fig. 2.8a shows the arrangement for driving a single 
power amplifier from a pre-amplifier/line driver module. In- 
terconnection is by means of a screened cable which may be 
up to 10m in length. Where convenient, power for the pre- 
amplifier may be derived from the power amplifier module. 
In this case, three extra wires will be necessary in the inter- 
connecting cable. These, however, need not be screened 
and, under no circumstances should they be contained 
within the same screened cable as the audio signal. 

For long cable runs a ‘local’ pre-amplifier power source is 
preferable. In this case a single screened cable should be 
used to link the pre-amplifier/line driver module with its 
associated power amplifier. In Part Four we shall be describ- 
ing a simple power unit which is suitable for use with up to Fig. 2.7. Wiring diagram for the pre-amplifier/line 
four pre-amplifier modules. driver module 

Fig. 2.8b shows how further power amplifiers can be 
‘daisy-chained’ from a_ single pre-amplifier/line driver 
module. As many as ten such units can be driven from a 


UNBALANCED LINE OUTPUT 


SIGNAL INPUT peste Lm (See text) 


PRE-AMPL |FIER/ LINE POWER AMPLIFIER 
DRIVER MODULE MODULE 
[PE1S59°] 


Fig. 2.8e. 


Fig. 2.8. Typical system configurations 
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single pre-amplifier module. Each power amplifier must, 
however, have its own associated loudspeaker system since 
parallel output connection is inadvisable. 

Since the pre-amplifier provides anti-phase outputs, it is 
possible to drive two power amplifiers separately, as shown 
in Fig. 2.8c. Here the important consideration is that, if the 
loudspeaker systems are serving the same area, or are in the 
same enclosure, it is essential that one set of speakers is 
connected with reverse polarity. 

A useful alternative to Fig. 2.8c is shown in Fig 2.8d. Here 
the two power amplifiers are physically adjacent and thus a 
twin screened (balanced) cable can be employed. Like the 
previous arrangement, it is essential to ensure that one set 
of speakers is reverse phased. 

A bridge output stage is shown in Fig. 2.8e. This arrange- 
ment is ideal where a single loudspekaer system (suitably 
rated) is to be operated at very high power levels (up to 
200W from the power amplifier modules described in Part 
One). It is essential that both the loudspeaker system and 
the common outputs of the power amplifier are linked 
together using a very substantial conductor since, at 2OOW 
output into 4 ohm, the current in this link will be approx- 
imately 7A! 

Fig. 2.8f shows an alternative bridge arrangement in 
which a twin screened (balanced) cable is employed. This 
balanced arrangement is instrumental in reducing the effects 
of hum and induced electrical noise and is much to be 
preferred in situations where cable runs in excess of 50m are 
unavoidable. 


PRE-AMPLIFIER, MIXER AND TONE CONTROL 

Whilst the simple pre-amplifier/line driver described 
previously is ideal for driving one, or more, power amplifier 
modules from a single source, there will be many occasions 
where several signals of varying levels are to be combined 
before sending to one, or more, power amplifier modules. 

A typical example is where a microphone is to be mixed 
with the output of an electric guitar or synthesiser. In such a 
case, a simple mixer arrangement is required coupled with 
some additional tone controls and a master gain control. The 
unit described was designed to satisfy just such a require- 
ment and yet is simple to build and uses only low-cost, 
readily available components. 

The simplified block schematic of the pre-amplifier, mixer 
and tone control is shown in Fig. 2.9. The pre-amplifier, 


* mixer and tone control provides four input channels, each 


having its own individual gain control, has separate treble 
and bass controls and a master gain control. 

The overall voltage gain of the pre-amplifier is well in 
excess of 200 and thus the maximum input sensitivity is of 
the order of 10mV to drive an associated power-amplifier 
module to full output. The frequency response of. the 
prototype unit is shown in Fig. 2.10. 


OUTPUT 1 
AMPLIFIER 


INPUT 


TONE 


CONTROL OUTPUT 2 


INVERTER 


(PEisés6) 


Fig. 2.9. Simplified block schematic of the pre- 
amplifier, mixer and tone control unit 
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Fig. 2.10. Frequency response of the pre-amplifier, 
mixer and tone control unit 
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Fig. 2.11. Complete circuit diagram of the pre-amplifier, mixer and tone control unit 


CIRCUIT DESCRIPTION 

The complete circuit diagram of the pre-amplifier, mixer 
and tone control unit is shown in Fig. 2.11. A low-noise quad 
operational amplifier is used and this is operated from +9V 
and —9V supply rails stabilised by means of D1 and D2 
respectively. 

VR1 and VR4 act as the individual channel gain controls 
and R1 to R4 may be added in order to match a variety of in- 


puts (see Table 1). IC1a forms a summing amplifier which 
provides a voltage gain of approximately 10 on each 
channel. IC1d is an active Baxandall arrangement which 
provides a maximum ‘cut’ and ‘boost’ of around 15dB at 
both LF and HF. C14 is added in order to ensure uncondi- 
tional stability of the arrangement when maximum treble 
boost is selected, ' 
IC1c operates as an inverting amplifier with a fixed 


Internal view of the pre-amplifier 
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voltage gain of approximately 20 (if desired, the gain may be 
increased to approximately 40 by raising the value of R15 to 
220k). The output of IC1c is at a relatively low impedance 
and will directly drive as many as ten parallel connected 
power amplifier modules. 

IC1b acts as a unity gain inverter and provides the low- 
impedance anti-phase output required for the differential 
and bridge output configurations described earlier. 


CONSTRUCTION 

The pre-amplifier, mixer and tone control unit is built on a 
single sided p.c.b. measuring approximately 65mmx 115mm 
(i.e. again identical in size to the power amplifier module). 
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Fig. 2.13. Wiring diagram for the front and rear panel mounted controls and sockets 
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Fig. 2.14. Input arrangement for low-impedance Rear view of the pre-amplifier 


unbalanced microphones 


The component overlay for the p.c.b. is shown in Fig. 2.12. 
Components should be assembled on the p.c.b. in the 
following sequence; terminal pins, i.c. holder, resistors, 
capacitors, and Zener diodes. Care should be taken to ensure 
the correct orientation of all polarised components. 

When the p.c.b. wiring is complete, the underside of the 
board should be checked for solder bridges and dry joints 
and the component side should be examined paying 
particular attention to the correct placement of components. 

As before, and depending upon the individual construc- 

tor's preference, the pre-amplifier may be either mounted in 

ok, teach a for low-impedance the same enclosure as that used for the power-amplifier 

mF module or, alternatively, may be mounted in its own equip- 

ment case. This latter arrangement is, of course, preferable 

when one, or more, power amplifiers are to be used from 
remote locations. 

A suitable internal wiring diagram is shown in Fig. 2.13 
and the corresponding front panel labelling is shown in the 
photograph. Connectors, SK5 and SK6 will, of course, not 
be required where the pre-amplifier and power-amplifier 
modules are housed in the same cabinet. 


Fig 2.16. Input arrangement for ceramic pick-up , 
cartridges NEXT MONTH: Signal source and power supply module. 


BOOV, dc. T5014, 600yA, 

ac. V 15V, SOV, 150V, 500V, 1500V; ac T30mA, } - 
300mA, 3.0A. Ohms 0-2k0, 0-2MQ. 
dB from —10 to +62 in 6 ranges. 


Dimensions: 105 x 130 x 40mm. 


HIGH QUALITY TEST INSTRUMENTS 
AT SUPERDEAL PRICES 


EACH INSTRUMENT COMES COMPLETE WITH A ROBUST CARRYING CASE, LEADS & INSTRUCTIONS. y) [ 
PRICES Our prices include VAT and postage and goods are normally despatched by return. 


Instruments Ltd. 
Please write or telephone for details of these and the many other instruments in the Alcon range, 
multimeters, components 


including measuring, automotive and electronic instruments. 19 MULBERRY WALK _ LONDON SW3 6DZ - TEL: 01-352 1897 - TELEX: 918867 
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RICHARD B. H. BECKER — SYSTEM DESIGN AND MECHANICAL ENGINEERING. | 


TIM ORR — COMPUTER INTERFACE AND CONTROL ELECTRONICS. 


RESSERE and Mei 


ONSTRUCTION of the MENTOR robot starts at the base plate 

of the robot (Fig. 7.1) to which the power supply board and 
transformer are fitted. The main wiring loom passes through a 
slot under the board ready for connecting to the interface board 
which is later sited beneath the robot. 


Fig. 7.1. Base plate assembly 


ASSEMBLY 

The two side plates are next fitted to the base plate and the 
top plate and then screwed down (Fig. 7.2). In the top plate is a 
60mm nylon bush through which the centre column is passed. 


Fig. 7.2. Main chassis assembly 
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PART SEVEN 


At the base of the column is attached a gear which then engages 
with another gear fitted to axis O motor which is then secured to 
the base plate. 

The arm assembly is secured to the column with a nut on 
axis | axle (Fig. 7.3) and the large counterbalance weights fitted. 
These result in the robot’s position being stable when there is no 
power applied to the motors. They also increase the accuracy of 
the robot in that no error signal from the servo system is 
required simply to hold a position. 


Fig. 7.3. Arm assembly 


The wrist motors which together provide elevation and roll 
can now be screwed to axis 2 arm (Fig. 7.4) and the gears fitted. 
There are two pairs of spur gears to transfer torque from the 
motors to the wrist axles and three bevel gears to turn the torque 
through 90 degrees to the gripper assembly. 
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ROBOTICS PROJECT im 


2 4 CALIBRATION PROGRAM 
3 10 A=&FDOO 
20 FOR I=0 TO 5: 2 A+D=128 NEXT I 
Or for a ZX Spectrum: 
10 LET a=32 
20 FOR i=0 TO 5: POKE a+i,128: NEXT i 
Or for a Commodore VIC20: 
10 A=8192 
20 FOR I=0 TO 5: POKE A+1,128: NEXT I 
Or for a Commodore 64: 
10 A=56832 
20 FOR I=0 to 5: POKE A+I, 128: NEXT I 


te: 


Fig. 7.4. Wrist motor assembly 


mabey 


The gripper components are now fitted (Fig. 7.5). A pair of 


ES ve 
torsion springs open the jaws after tension is released on the 2 ie 
Bowden cable which closes them. The cable is driven by a motor Phe 
attached to the cover of axis 1 arm (Fig. 7.6). ei, 


POTENTIOMETERS 

Next, the wiring harness and position sensing potentiometers 
are fitted. The potentiometers are adjusted such that the voltage 
on the wiper will be about 10% of the 10V supply voltage when 
the axis is at its minimum position. The harness passes up the 
column and through the axles branching out on the way to con- 
nect to the potentiometers and to the motors via terminal blocks. 

The interface board is now screwed to its plate (Fig. 7.7) and 
after checking that the power supply is operating correctly the 
power supply lead and the harness are plugged into the board 
and the robot is then ready for connecting to a computer for 
calibration. 


Fig. 7.6. Gripper motor assembly 


The Commodore 64 plugs onto the same edge connector as 
the VIC 20. The only significant difference between the interfaces 
is at the computer end where the board which plugs into the car- 
tridge slot is laid out on a 0.1" pitch whilst the VIC20 is on 
0.156” pitch. Virtually any 8- or 16-bit micro system or com- 
puter can be used provided there is access to the address, data 
and control bus. 


Fig. 7.5. Gripper assembly 


CALIBRATION 

The robot is operated as if it were part of the memory of the 
computer and instructions consist of POKEs for sending data 
and PEEKs for receiving data. Axis 0 is at the lowest address in 
the block allocated to the robot. As the system is defined in 8 
bits each axis has 256 possible positions to which it may move, 
i.e. there is a-resolution of 1 part in 256 (0.04%) and the data 
sent to each axis may be any integer from 0 to 255. To send 
each axis to its centre position using the BBC computer the or 
instructions are as follows: Fig. 


aa 


7.7. Interface board 
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Fig. 7.8. The complete Mentor Robot 

With mid-position data sent to each axis the wrist is set by 
slackening the gripper assembly, moving it and securing in the 
centre position. Fine adjustment is carried out with pre-sets 
P203,204. 

Axes 0,1,2 are set by sending them in turn to position 0 and 
adjusting pre-sets VR200,201,202 so that the axis stops just 
before the end stop is reached. VR205 is used to make the 
gripper start to operate at some convenient datum such as 50. 


POSITION DATA 

There are ADCs on the interface board to enable the posi- 
tions of the simulator and the robot axes to be read. To operate 
the robot it is not necessary to use the ADC but it is useful to 
know for certain when the required position has been reached. 
Otherwise a transit time would have to be calculated based upon 


the size of the position change. 

The arm ADC is read by first writing to it, with a POKE in- 
struction, which axis is to be read. This is defined by the top 4 
bits of the data byte so the data is the axis number multiplied by 
16. The ADC is then written to at the next address to tell it to 
start conversion. After that the arm position is ready with a 
PEEK instruction. For the BBC computer the instructions to 
read axis 0 position are as follows: 

30 2(A+6)=0 

40 (A+7)=0 

50 DAO=(A+17) 

Similarly for axis 2: 

60 2(A+6)=32 

70 (A+7)=0 

80 DA2=7(A+17) 

The simulator is read similarly except that the multiplexer ad- 
dress is defined by the bottom 4 bits of the data byte so the data 
is the axis number and the ADC is at an address one lower so to 
read axis 2 of the simulator via a BBC computer. The instruc- 
tions are: 

90 (A+6)=2 

100 (A+7)=0 

110 DS2=2(A+16) 

By use of the following program the MENTOR will copy in real 
time the movement of the hand-held simulator showing clearly 
the ease of use of the MENTOR control system. 

10 A=&FD00: FOR N=0 to 5 

20 2(A+6)=N: 2(A+7)=0 

30 XA+N)=2(A+ 16) 

40 NEXT N: GOTO 10 

Furthermore by being on the bus of the computer it is very 
simple to add additional devices into the system. The BBC com- 
puter is particularly suited to this as the 1MHz bus is buffered 
and daisy-chaining of other robots, sensors etc, is easily 
implemented. 


Constructors’ Note 
MENTOR and NEPTUNE are available as kits or ready-built 


from: Cybernetic Applications, West Portway In- 
dustrial Estate, Andover, Hants. 
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HIS circuit can detect the waves and 
oscillations of the movement of the 
earth. The sensitivity of the instrument de- 
pends upon the sensor and its construc- 
tion. In this case it consists of a pendulum 


made up of a magnet supported by a long 
steel wire. The longer the wire and the 
heavier the bob, the greater the sensitivity. 
To get the most reliable and accurate 
measurements the magnet should be in 
close proximity to the pick-up coil, L1. 
When the magnet is disturbed by move- 
ment, a current is induced into the coil and 
a signal is passed to IC1. This acts as a 


standard low pass filter with a cut-off fre- 


quency of around 10Hz. The filtered signal 
is amplified by IC2 and fed to an os- 
cilloscope, where it can be monitored. 

The signal is also fed to IC3 which is 
used to indicate an overload condition via 
D1, and VR2 is used to set the level of the 
oscilloscope signal. ; 

K. Alizadeh, 
Tehran, 
Iran, 
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MARTIAN HEAD 


Much has been heard recently about the 
‘head’ on Mars, and I think I must deal with 
it—though as briefly as I can! 

In the 1970s the Viking landers came down 
on Mars, one in the ochre desert of Chryse 
and the other in Utopia. Both sent back in- 
valuable data. No definite traces of Martian 
life were found, but we learned a great deal 
about the nature of the surface and the 
atmosphere. 

We were also able to study pictures of the 
areas round the grounded spacecraft. One 
rock bore an almost uncanny resemblance to 
a human face, Of course this was pure coin- 


_cidence; but now, for some curious reason, 


there have been sensational reports that we 
really are seeing a piece of Martian artwork! 

I have examined the evidence and the rele- 
vant pictures. There is absolutely no doubt 
that we are dealing with nothing more than a 
natural rock, with its attendant light and shade 
effects. Enough said. 

There have been comments about the Solar 
Polar Mission, a joint ESA-NASA venture 
now Officially renamed Ulysses. It is scheduled 
for launching in May 1986, from the Shuttle, 
and will travel out as far as Jupiter, passing 
round the giant planet and then coming back 
to pass over the Sun’s poles in 1990. All kinds 
of investigations will be carried out, ranging 
from solar wind studies to measurements of 
the solar and interplanetary magnetic fields. 

The number of asteroids with well-known 
orbits continue to increase. The total has now 
passed the three thousand mark. However, the 
four spaceprobes which have so far passed 
through the asteroid belt (two Pioneers and 
two Voyagers) have emerged unscathed, so it 


“may be that there is less scattered material 


there than was once feared. No doubt time will 
tell. 


BETA PICTORIS 

The southern constellation of Pictor, the 
Painter, is by no means conspicuous. It con- 
tains no star brighter than the third 


‘magnitude, and has no obvious shape. We 


remember it mainly because a fairly bright 
nova flared up in it in 1925. Pictor is not 
visible from Britain; it is too far south, and it is 
in fact close to Canopus, which is the brightest 
star in the sky apart from Sirius (and is much 
more luminous and remote). 

The second star of Pictor is Beta Pictoris, 


of magnitude 3.8; it has no individual name. It 
is white, with an A-type spectrum; its distance 
from us is 78 light-years, and it is approx- 
imately 60 times as luminous as the Sun. Up 
to now it has been dismissed as a very 
ordinary star indeed. But Beta Pictoris has 
suddenly leaped into the scientific headlines. 
The story began in 1983, with observations 
carried out from the infra-red astronomical 
satellite JRA'S, It is fair to say that JRAS was 
one of the greatest successes of the space age 
so far. It transmitted for the best part of a 
year, discovering thousands of new infra-red 
sources and also detecting comets, dust-tails 
to known comets and even a strange asteroid 
which ventures perilously close to the Sun. 
When the equipment was being checked, 
infra-red excesses were found associated with 
several stars, including Vega and Fomalhaut. 
This was attributed to the presence of cool 
material which might well be planet-forming. 
One star studied in this way was Beta Pic- 
toris, and a few months ago two American 
astronomers, Drs. Bradford Smith and 
Richard Terrile, decided to make an optical in- 
vestigation. They went to the Las Campanas 
Observatory in Chile, where conditions are ex- 
ceptionally good. Las Campanas comes under 
the same management as Mount Wilson in 
California, and like Mount Wilson it has a 
100-inch reflecting telescope—the main dif- 
ference is that the Mount Wilson 100-inch is 
old (it was completed in 1917) whereas the 
Las Campanas instrument is ultra-modern. 
Smith and Terrile used the telescope 
together with a CCD or Charge-Coupled 
Device, which is much more sensitive than 
any photographic plate. The results were start- 
ling. Beta Pictoris is surrounded by a disc of 
material which extends nearly 50,000 million 
miles from the star. The disc is seen nearly 
edge-on, and is probably no more than a few 
hundred million years old. 


LIFE FORMING 

It is possible to make a shrewd estimate of 
the composition of the disc. Ices, silicates and 
carbonaceous substances are strong can- 
didates. Now, these are the materials from 
which the planets in our own Solar Syste 
were formed weil over 4,000 million years ago. 
Analysis of the density of the Beta Pictoris 
ring material indicates that planets may have 
been formed there too, and by extrapolation it 
seems that the interior particles in the disc 
have been swept away, possibly by orbiting 
planets. 

What can we make of all this? 

The main importance is that for the first 
time we have actually seen what may be an 
extra-solar planetary system; up to now we 
have had to rely either upon infra-red work, or 
upon the admittedly very uncertain measure- 
ments of nearby stars which ‘wobble’ slowly 
as they are perturbed by associated bodies 
which may be of planetary rather than stellar 
mass. There is absolutely no doubt that the 
Beta Pictoris shell does exist, and although we 
cannot be over-confident it seems that a 
planetary system is much the most likely ex- 
planation for it. 

Beta Pictoris itself is a normal star; neither 
particularly luminous nor particularly dim, 
neither a cosmic heavyweight nor a stellar 
minnow. And if it is indeed the centre of a 
family of planets, the evidence in favour of 
numerous similar systems becomes almost 
overwhelmingly strong. 

Investigations are proceeding, and there is 
every hope that more discs of the same kind 
will soon be found round other stars. Whether 
any of these hypothetical planets are inhabited 
is quite a different matter, but there seems no 
valid reason why not. Beta Pictoris has taught 
us a great deal, even though as yet we cannot 
claim to have done more than scratch the sur- 
face of the main problems. 


IRAS (International Infra-red Astronomical Satellite), shown here on test at 
the Fokker B.V. plant in the Netherlands. This was probably one of the 
greatest successes of the space age so far. 
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THE SKY THIS MONTH 

Throughout this month the early-evening sky con- 
tinues to be dominated by the planet Venus. It reaches 
its greatest brilliancy on 26 February, when its 
magnitude will be 4.3. Under such conditions it is easily 
found with the naked eye even when the sky is still 
bright, and is obvious with binoculars—though | must 
again repeat my oft-given warning never to sweep 
around with binoculars or a telescope unless the Sun is 
completely below the horizon. 

As Venus draws in towards inferior conjunction, which 
will be reached on 3 April, its phase decreases. The 
amount of disc illuminated is 44 per cent at the beginn- 
ing of February and only 25 per cent into March. 

This being so, it may seem strange that Venus is at its 
brightest when less of the sunlit face is turned toward us. 
The answer is that as the phase decreases, the apparent 
diameter increases, because the planet is coming closer 
to us. At its very closest, of course, it is at inferior 
conjunction—more or less between the Earth and the 
Sun—and cannot be seen at all. 

The only chances of seeing Venus when it is directly 
aligned with the Sun occur at the times of transit. 
However, the last transit took place as long ago as 1882, 
and the next will not be until 2004. 

Of the other planets, Mercury is to ail intents and pur- 
poses out of view; Jupiter and Saturn are morning ob- 
jects, but badly placed; Mars is still visible in the even- 
ing, but its magnitude is now only 1.4, so that no 
telescope will show much on its surface. The apparent 
diameter of Mars is now less than 5 seconds of arc. 


HALLEY’S COMET 
Halley's Comet is now under regular observation, and 
is becoming brighter as it moves inward, but it is still 


MJl 102 — a new numBeR 
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beyond the reach of any but giant telescopes. However, 
there is one mildly encouraging sign. The comet is 
starting to become active earlier than expected, and it 
may eventually be brighter than was at first predicted, 
though it will certainly not be spectacular—as it has 
been at some past returns. The most we can really hope 
from Britain is that it will become a naked-eye object late 
this year. 

Among the stars, Orion remains dominant. It is high in 
the south during February evenings, and is quite un- 
mistakable, together with its brilliant retinue. Sirius also 
is at its best. It is a pure white star of spectral type A, but 
because it is so bright, and because it is never very high 
up as seen from Britain, it seems to flash various colours 
of the rainbow. 

Sirius is, in fact, the supreme “twinkler”, though when 
seen from countries south of the equator, where it can 
pass overhead, it looks much steadier. It is rather sur- 
prising to remember that Sirius is an ordinary Main 
Sequence star, a mere 26 times as powerful as the 
Sun—whereas Rigel in Orion, which looks well over a 
magnitude and a half fainter, is equal to 60,000 Suns 
combined. , 

There are opportunities this month for seeing Algol, in 
Perseus, at minimum light. Algol is an eclipsing binary. 
Its ‘rest’ magnitude is just below 2, approximately equal 
to the Pole Star, but during mid-eclipse the magnitude 
falls to below 3. 

Fading takes 4 hours, and minimum lasts for only 20 
minutes, after which a further 4 hours is needed for Algol 
to regain its lost light. Minima occur at 3.1 hours GMT 
on 18 February, 23.9h GMT on 20 February, and 20.7h 
GMT on 23 February. Of course, there are mimima every 
2} days; | merely give these as being convenient to 
observe. 
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Fr Part Five of the series we looked at 
a family of devices which allow us to 
route several incoming data signals 
along the same path. We shall now 
look at the opposite problem; that -of 
connecting a single incoming line to 
one of several output lines. 

When explaining the action of the 
de-multiplexer we can, as before, use a 
simple switch analogy. A four-way de- 
multiplexer is, like its multiplexer coun- 
terpart, equivalent to nothing more 
than a single pole four-way switch. The 
important distinction is that, in the 
case of the data multiplexer data is be- 
ing selected from one of four incoming 
signal lines whereas, in the case of the 
de-multiplexer, data is being routed to 
one of four outgoing lines. This vital 
difference is illustrated in Fig. 6.1. 
Furthermore, since digital multiplexers 
and de-multiplexers rely on logic gates 
(which are unidirectional devices) for 
their operation, the two functions are 
quite distinct. 
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Fig. 6.1. Simplified switch equivalents 
of four-way data multiplexers and 
de-multipiexers; (a) four-way multi- 


THE 74LS139 

The 74LS139 is a common example 
of a data de-multiplexer which contains 
two independent four-way de- 
multiplexers within a 16-pin d.id. 
package. Each four-way de-multiplexer 
has a single active-low enable input, 
EN, two select inputs, SO and $1, and 
four outputs, O to 3. The pin connec- 
tions for the 74LS139 are shown in 
Fig. 6.2. As for its data multiplexer 


B 
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DATA SELECT 


DATA OUTPUTS 


DATA SELECT DATA OUTPUTS. 
Nase _ =) 
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Fig. 6.2. Pin connections for the 
74L8139 
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counterpart (the 74LS153) the two 
halves of the device (referred to as A 
and B) are conveniently brought out to 
pins on opposite sides of the package; 
the A-side using pins 1 to 7 whilst the 
B-side uses pins 9 to 15. The supply, 
which follows the normal convention of 
pin-8 (OV) and pin-14 (+5¥V) is com- 
mon to both halves of the device. 

The internal logic of the 74LS139 is 
shown in Fig. 6.3. This shows how the 
two select signals, SO and $1, are 
gated with the enable signals, EN, in 
each of the four three-input NAND 
gates. It should be noted that, since 
NAND rather than AND gates are em- 
ployed, the outputs go to logic 0 in the 
selected state and revert to logic 1 in 
the de-selected state. This is important 
since, in typical applications, the 
74LS139 is used in conjunction with 
other devices which have active low 
select or enable inputs. If this is a little 
hard to follow don't despair as we shall 
be returning to this topic with a prac- 
tical example a little later! 

The complete truth table for the 
74LS139 is shown in Table 6.1, This 
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Fig. 6.3. Internal logic of the 74LS139 
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x= don't care 


Table 6.1. Complete truth table for the 
74L8139 


truth table is, of course, identical for 
each half of the device. When the EN 
line is at logic 1 all four outputs go to 
logic 1 regardless of the state of the 
select inputs, SO and S1. When both 
select inputs are at logic O and the EN 
line is taken low, the O output line goes 
to logic O {the other three outputs 
remain at logic 1). With SO at logic 1 
and $1 at logic 0 the 1 output line goes 
to logic 0, and so on. 

Developing the four-way switch 
analogy a little further, it should be 
noted that, the enable line effectively 
acts as a data signal input; the selected 
output reflecting the state of this line. 
To further explain this action, if we 
have selected output O (by placing a 
logic 0 on both SO and $1}, the O out- 
put line will follow the logical state of 
the EN input; i.e. when EN goes low 
the O output will go low and when EN 
goes high the O output will go high. 

We shall now turn our attention to a 
practical investigation of the 74LS139 
using the circuit arrangement shown in 
Fig. 6.4. It should be noted that only 
one half of the device is used. The 
74LS139 should be inserted into 

_ socket C of the Logic Tutor with pin-1 
aligned with C1. The following connec- 
tions should then be made:— 


C1 toS3 (S3 acts-as the enable 
input) 

C2 toS1 {S1 acts as the SO input) 

C3 ‘toS2 (S2 acts as the S1 input) 

C4 toD1 (D1 shows the state of 
output 0) 

C5 toD2 (D2 shows the state of 
output 1) 

C6 toD3 (D3 shows the state of 
output 2) 

C7 toD4 (D4 shows the state of 
output 3) 

C8 toOV (common) 


C16 to +5V (supply) 
(A total of 9 links) 


The enable input is produced by 
latching switch, $3, which should in- 
itially be adjusted to produce a logic 1 
(disabling the de-multiplexer). The two 
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Fig. 6.4. Circuit arrangement used in 
the practical investigation of the 
74LS139 


momentary action switches, S1 and 
$2, will in the absence of a depression 
produce logic O on both of the select 
inputs, SO and $1. In this state all four 
of the output indicating |.e.d.s, D1 to 
D4, should be illuminated. 

S3 should now be adjusted to 
produce a logic O to enable the de- 
multiplexer. D1 should now become 
extinguished showing that, with the SO 
and $1 inputs both at logic 0, output O 
has been selected. Now, leaving S3 at 
logic 0, S1 should be depressed. D2 
will then become extinguished show- 
ing that, with SO at. logic 1 and S1 at 
logic O, output 1 has been selected. 

S1 should then be released and S2 
depressed. D3 will now be ex- 
tinguished confirming that, with the S1 
input at logic 1 and the SO input at 
logic O, output 2 is selected. Finally, S1 
and S2 should be simultaneously 
depressed. D4 will then become ex- 
tinguished showing that output 3 is 
selected when both select inputs are at 
logic 1. 

The results of this investigation have 
been summarised in the truth table of 
Table 6.2. This table has been con- 
structed on the basis that the de- 
multiplexer is always in its enabled 
state. Readers should, however, con- 
firm that whenever S3 is set to logic 1, 
all four outputs will immediately revert 
to logic 1 (illuminating all four |.e.d.s) 
regardless of the state of the two select 
inputs. 
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Table 6.2. Truth table for the practical 
investigation of the 74LS139 
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FOUR-CHANNEL SEQUENCER 
USING THE 74LS139 

In Part Four we showed how a 
sequencer could be constructed using 
a shift register. We shall now consider 
an alternative arrangement based on a 


Fig. 6.5. Four-channel sequencer using 
the 74L8139 


74LS139 de-multiplexer as shown in 
Fig. 6.5. 

The two select inputs of the 
74LS139 are fed from the outputs of a 
simple binary divider configured 
around a 74LS74 D-type bistable ele- 
ment. The select inputs are thus sup- 
plied with a binary count sequence and 
thus a low is transferred from one out- 
put of the de-multiplexer to the next on 
each falling clock edge. 

The 74LS139 should be left in 
socket C whilst the 74LS74 should be 
inserted in socket B checking, as usual, 
that pin-1 aligns with B1 on the Logic 
Tutor. The following connections are 
required:— 


B1. tologic 1 

B2 toB6 

B3  toclock 

B4 tologic 1 

B5 toC3 

B7 to OV (common) 
B16 to +5V (supply) 
C1. to logic O (active-low enable) 
C2 toB3 

C4 toD1 

C5 toD2 

C6 toD3 

C7 toD4 

C8 to OV (common) 
C16 to +5V (supply) 
(A total of 15 links) 


The sequence produced by the circuit 
should follow that shown in the timing 
diagram of Fig. 6.6. This shows that, at 
any time, three of the output indicating 
l.e.d.s are illuminated and one is ex- 
tinguished. The effect is that a logic 0 
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Fig. 6.6. Timing diagram for the four- 
channel sequencer 


circulates from D4 —> D3 —> D2 —> 
D1 and then restarts at D4. 


TIME DOMAIN MULTIPLEXING 

Thus far we have only separately 
considered the actions of the mul- 
tiplexer and de-multiplexer. The time 
has now come for us to put these two 
devices together in an arrangement 
which allows us to send several data 
signals over a common path and yet 
still separate them again at the far end. 

Since we have restricted ourselves 
to the use of four-way multiplexers and 
de-multiplexers in this series we shall 
provide for four inputs at the ‘sending 
end’ and four outputs at the ‘receiving 
end’. The multiplexer at the sending 
end provides us with a means of 
routing each data line to the common 
signal path for a pre-determined time 
whilst the de-multiplexer at the receiv- 
ing end connects the common signal 
path to each output line for a similar 
pre-determined time. 

It is. of course, important to ensure 
that the data appearing on each data 
input line is correctly routed to the 
corresponding data output line. It 
should, therefore; be apparent that 
some means of synchronising the data 
at the sending and receiving ends of 
the path is of paramount importance. 
To this end we shall need to generate a 
common set of select signals at each 
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Fig. 6.7. Time domain multiplexing using 74LS153 and 74L8139 devices 


end of the path. 

Data communication systems of this 
type rely on the availability of a com- 
mon clock signal at both the sending 
and receiving ends. At this point we 
should perhaps point out that, in most 
practical data communication systems, 
we would almost certainly prefer to 
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Fig. 6.8. Timing diagram for the clock 
and select lines of the arrangement 
shown in Fig. 6.7 


have an asynchronous arrangement in 
which the data was ‘self-clocking’. 

The circuit arrangement employed in 
our practical investigation of time 
domain multiplexing is shown in Fig. 
6.7. The common select signals are 
generated from the Logic Tutor’s inter- 
nal clock operating in conjunction with 
a single-stage binary divider based 
upon a 74LS73 J-K bistable. Fig. 6.8 
shows the timing diagram of the clock 
and select input lines. Each data line is 
activated for half of the clock cycle 


period and follows the sequence, DO, 
D1, D2, and finally D3. The sequence 
is then repeated with one complete cy- 
cle of all four data inputs occurring in a 
time equal to one cycle of the signal on 
the $1 line. 

The four data inputs are applied to a 
74LS153 multiplexer and, from there, 
follow a time shared common data 
path. Since the 74LS139 has an 
active-low enable input, a single in- 
verting stage (using a 74LS04) is in- 
cluded in the common data path. 
Furthermore, due to the inverting ac- 
tion of the internal logic of the 
74LS139 (remember that the selected 
output line goes low whilst the other 
three lines remain high) we shall need 
to invert each of its data outputs. This 
is achieved using a further four in- 
verting gates of the 74LS04. 

The integrated circuits should be in- 
serted into the Logic Tutor in the 
following manner:-— 


Socket A = 74LS153 
Socket B = 74LS139 
Socket D = 74LS04 
Socket E= 74LS73 


In each case it is, as usual, important to 
check that pin-1 of the integrated cir- 
cuit is correctly aligned with pin-1 of 
the Logic Tutor’s connecting strip. 


The following links are required:— 


Al toOV  (active-low enable) 
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A2 to£14 (select 1} 


A3 toS4 (S4 acts as the D3 input) 
A4 toS3 (S3 acts as the D2 input) 
AS toS2 (S2 acts as the D1 input) 
A6 toS1 (S1 acts as the DO input) 
A7 toD1 (time shared data output) 
A8 toOV (common) 

Al4toE1 (select 0) 


A16 to +5V (supply) 

B1 toD2 (inverted time shared data 
input) 

B2 toA14 (select 0) 

B3 toE14 (select 1) 

B4 toD3 (inverted DO output) 

B5 toD5 (inverted D1 output) 

B6 toD11 (inverted D2 output) 

‘B7toD13 (inverted D3 output) 

B8 toOV (common) 

B16 to +5V (supply) 


D4 toLED D1 (D1 shows DO output) 
D6 toLED D2 (D2 shows D1 output) 
D7 toOV (common) 

D10 to LED D3 (D3 shows D2 output) 
D12 to LED D4 (D4 shows D3 output) 
D16 to +5V (supply) 


E1 toclock 

E2 to logic 1 

E3 to logic 1 

E4 to +5V (supply) 
E13 to OV (common) 
E16 to E3 


(A total of 31 links) 


All four of the input switches, S1 to S4, 
should initially be adjusted to produce 
logic O data inputs. In this state, all four 
of the output indicating |.e.d.s should 
be extinguished showing that all four 
‘ data outputs are similarly at logic 0. 
Now depress, and hold down, $1 to 
- produce a logic 1 on the DO input line. 
The le.d. indicator D1 will shortly 
become illuminated showing that the 
DO output has gone to logic 1. Note, 


Fig. 6.9. Timing diagram for a signal on 
the DO line in Fig. 6.7 
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however, that D1 only remains il- 
luminated for the duration of each 
alternate low cycle of the clock {com- 
pare the indications produce by the 
clock |.e.d., D9 and the DO output in- 
dicating |.e.d., D1). The corresponding 
timing diagram is shown in Fig. 6.9. 

Readers should now check each one 
of the other data lines in turn, noting 
the correspondence between the 
switch depressed and the |.e.d. which 
becomes activated. Finally, all four 
switches should be adjusted to 
produce a logic 1 on all four data input 
lines. In this state the four l.e.d.s will 
flash in sequence, clearly showing the 
time shared characteristic of the 
arrangement. 

Readers may now be wondering 
whether there is any way that a 
received logic 1 can be preserved for a 
period equivalent to the select 1 signal, 
thus maintaining the logical state of 
the output. This can, of course, be 
achieved by simply adding a suitable 
bistable: latch to each data output such 
that data is latched each time the 
respective data line is enabled. Further- 
more, if we were to use bistable 
latches in which the OG output was 
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Fig. 6.10. Circuit arrangement used in 
the 64K memory address space 
decoder (Note: addresses are specified 
in decimal) 


made available, we could dispense 
with the four output inverters. We will, 
however, leave this particular exercise 
for the more adventurous reader! 


ADDRESS DECODING 
Finally, we shall consider a typical 
example of the use of a de-multiplexer 
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in the form of an address decoder for 
use in a microcomputer system. Let's 
assume that we have a 64K memory 
space which is occupied by four 16K 
random access memories (RAM). The 
data inputs and outputs of these 
memories are all connected to the 
system data bus (conventionally 8 bits 
wide). Each RAM is assumed to have 
fourteeen address input lines (AO to 
A13 inclusive) and one active-low chip 
select (CS) line. The address lines on 
each RAM are connected to the simi- 
larly numbered address line on the 
system address bus hence, unless we 
do something to prevent a conflict, we 
would find that all four RAM devices 
were being written to or read from at 
the same time. What is needed, of 
course, is a means of decoding the two 
most significant address lines, A14 and 
A715, in order to activate the four RAM 
chip select lines. A suitable decoding 


ADDRESS 
RANGE 
(decimal) 


5,36 


16,384 t 


32,767 
32,768 to 
49,151 
49,152 to 
65,535 


Table 6.3. Truth table for decoding the 
64K address space 


scheme is shown in Table 6.3. In ef- 
fect, we have divided the total 64K ad- 
dress space into four blocks of 16K, 
each associated with a particular RAM. 
RAM 1, for example, corresponds to the 
lowest 16K (decimal addresses O to 
16,383 inclusive) whilst RAM4 corres- 
ponds to the highest 16K (decimal ad- 
dresses 49,152 to 65,535 inclusive). 
RAM1 is selected whenever address 
lines A14 and A15 are both at logic O 
whilst RAM4 is selected when these 
two address lines are both at logic 1. 
The problem of decoding the two 
most significant address lines is easily 
resolved using a 74LS139 in an 
arrangement similar to that shown in 
Fig. 6.10. The inverted logic of the 


-74LS139’s outputs being just what is 


required for the active-low RAM chip 


select lines. (This, of course, is no mere 


coincidence!) 


NEXT MONTH: We shall be con- 
cluding the Sequential Logic 
Techniques series with a look at 
binary full adders. We shall also in- 
clude an Index to the complete 
series. 
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Public Ownership 


The privatisation of British Telecom 
transformed Britain from a nation of 
shopkeepers to a nation of shareholders. 
Up to that point the company with the 
largest spread of shareholders was ICI with 
350,000. Including overseas holdings BT 
enjoys the support of over 2 million 
shareholders. The initial figure was some 
2:3 million, since whittled down by profit- 
taking. But this is no bad thing. First-time- 
ever investors, whether selling for a quick 
return or holding, have had a sniff of excite- 
ment which is bound to encourage them in 
future investment. 

A Labour Party pledge to renationalise 
BT should they form a government fell on 
deaf ears. With a substantial share ow- 
nership among the electorate my guess is 
that the threat will be convienently forgot- 
ten and that, in any case, the famous 
Clause 4 was all but dead before the BT 
sale. Old style public ownership is out, new 
style public participation is in. 


Self-interest 


Fhe BT unions, following Labour policy, 
opposed privatisation and recommended 
members to ignore the share offer. In the 
event-the free shares were taken up with 
gusto and the vast majority of the em- 
ployees bought extra shares. 

This wasn't the only example of self- 
interest triumphing over ideology. Strikes in 
‘the docks and in the automobile industry 
collapsed last year through lack of popular 
support. Steelmen resisted all attempts to 
entice them to limit output which sup- 
posedly would help the miners in their 
struggle. And the most extraordinary hap- 
pening of all was union members taking 
their leaders to court. 

The mining dispute, whatever the out- 
come, is bound to end in tears. A soap 
opera dragging on through months of farce 
as well as tragedy. The industrial result is 
that no government, no company, no 
householder will ever again rely entirely on 
coal as an energy source. Not the miners 
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but their leaders have alienated the markets 
that alone would secure their future. 

No wonder that progressive union 
leaders are seeking better ways to improve 
their members’ prospects and, incidentally, 
their own standing in society. These include 
expanding the market instead of destroying 
it, consulting the membership, perhaps 
even encouraging share ownership in the 
enterprises in which they are employed. 
Self-interest can be just as noble as martyr- 
dom if it also leads to the common good. 


Change 


It is of little use looking back to the great 
battles of 1926 (lost) or 1974 (won) as do 
the miners’ leaders. The world is moving on 
and moving fast. Enterprise, the freer the 
better, is the fashion for the 1980s. 

As | often mentioned in the past two 
years, China is the last of the truly great 
markets to be opened up. The Peoples’ 
Republic has looked at South Korea, 


Singapore, Hong Kong and Taiwan, ail 


booming economies not entirely unrelated 
to expertise in production of electronics 
goods. Why can't China be just like them? 

No reason at all except that it is 
politically as well as practically difficult to 
dismantle 35 years of Chinese socialist 
planning overnight. So capitalism remains a 
dirty word while “responsibility” is newly 
acceptable. The first of the “responsibility 
systems” came in agriculture, boosting out- 
put and enriching many farmers and 
merchants. Now it’s the turn of industry 
with incentives generating new levels of ef- 
ficiency and more cash for workers to 
spend on luxuries. 

Another Chinese euphemism is the 
“social channel” which, translated, means 
an individual having a financial holding in a 
company, in short becoming a shareholder 
and now permitted in some enterprises and 
likely to spread. In China, as in the Soviet 
Union, nobody is officially unemployed 
although plenty of people are, the blemish 
on society easily overcome by describing 
them as “waiting-for-jobs people’. 

Our most vigorous operator in the 
Chinese market is Cable & Wireless which 
has done wonders since privatisation. With 
a strong base in Hong Kong and the newly 
acquired Hong Kong Telephone Company 
there is no shortage of technical expertise 
and Chinese-speakers to assist the Peoples’ 
Republic in modernising and expanding its 
communications systems, the prerequisite 
for industrial growth. In fact such is the 
technical standing and business trust of the 
company in Chinese eyes that a number of 
commentators suggest that C & W as a 
British flag carrier creates openings for 
newcomers. 

It is interesting, too, to note that socialist 
France has reverted to capitalism and 
sound economics and that the newly 
elected Labour government of Mr Bob 
Hawke in Australia has swung decidedly 
right. Who could have imagined six months 
ago that Mrs Thatcher and President Mit- 
terand, once mutually hostile, would be 
seen on TV in embraces of friendship? And 
yet so it is in a changing world. 

Change indeed! Ever since semiconduc- 


tor production started in bulk it has been 
the custom to send the part-finished 
product to the Far East for packaging 
because of lower wage costs. Today we see 
building work on a major packaging plant at 
Irvine, Scotland. The company is Indy, a 
U.S. specialist, who expect to employ 500 
people when in full production. 

With rising wage levels and transport 
costs in the Far East and improved methods 
of production the crossover point has now 
been reached when it is cheaper as well as 
faster to package in Europe. Packaging, in 
this context, includes die separation, wire 
bonding, sealing, testing, lead finishing and 
marking. Far East losses are Scotland's gain 
where other companies are also 
researching the economics and possible 
sites for a European packaging base. 


Oversold 


Not that the free enterprise system is 
faultless. It did well in popularising the 
home computer and bringing it cheaply to 
the buyer. But it has done some harm in 
overselling the product and in a frantic rush 
to get to market quality has suffered. 

In a survey of 100 retail outlets it is 
reported that the top seller had a return rate 
of 25 percent, others between 13 and 4 
percent. Three-quarters were due to 
technical faults, the remainder because of 
customer dissatisfaction. § 

Product promotion has been first-class in 
respect of games. Utility is a different 
matter. Does any household of reasonable 
intelligence need a computer to handle sim- 
ple accounts or compile an address book? 
An amusing exercise, perhaps, but hardly 
economic, time-saving or necessarily more 
accurate than old-fashioned pen and paper. 
As for word-processing you need to go well 
up-market for a really competent machine, 

With so many companies making a 
fleeting appearance and then disappearing, 
the Japanese MSX approach has much to 
commend it with its standardised software 
and complete compatability between 
makes. Critics are saying MSX will retard 
technical progress but at least customers 
are safe from loss of supply and know what 
they are paying for. 


Fifth Generation 


We hear a lot about fifth generation com- 
puter research with Japan often quoted as 
potential world leader. Yet at the fifth 
generation computer conference in Tokyo 
Jast November the British were prominent 
and highly respected contributors. Not 
least, interest was enormous on the Inmos 
transputer and its Occam language 
together with aspects of the British Alvey 
programme in which industry and the 
government are equal partners. 

It was a surprise to see how open the 
Japanese were on their government-funded 
Icot research programme and exchanges 
between computer scientists from all the 
leading countries, including Israel, showed 
that while competiton is healthily fierce the 
outcome will benefit world industry. 
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PRACTICAL ELECTRONICS 
PRINTED CIRCUIT BOARD SERVICE 


Printed circuit boards for certain PE constructional projects are now 
available from the PE PCB Service, see list. They are fully drilled 
and roller tinned. All prices include VAT and postage and packing. 
Add £1 per board for overseas airmail. Remittances should be sent 
to: PE PCB Service, Practical Electronics Editorial Offices, 
Westover House, West Quay Road, Poole, Dorset BH15 
71JG. Cheques should be crossed and made payable to |PC' 
Magazines Ltd. 

Please note that when ordering it is important to give project 
title, order code and the quantity. Please print name and address in 
Block Caps. Do not send any other correspondence with your order. 


Readers are advised to check with prices appearing in the 
current issue before ordering. 


NOTE: Please allow 28 days for delivery. We can only 
supply boards listed here or in the November 1984 issue. 
Order 


Hal 
Code 
FEB '81 
Slave Light Dimmer 102-01 | £1.88 | 
MAR ‘81 


103-01 | £1.79 

103-02 | £1.83 

103-03 | £2.25 

104-01 | £1.55 

104-02 | £1.50 
Digisounder 


Thermometer 105-02 | £1.49 

louMeer | t0-01 | 2.08) 

pH Meter 106-01 | £2.06 
SEPT ‘81 


27/28MHz Converter 

Microphone Mixer 

Period Power Tester 
APRIL ’81 

Speech Processor 

| Mini Drill 


MAY ‘81 


Horologicum 109-01 | £3.16 
109-02 | £3.11 

7 109-03 | £2.97 
Analogue Frequency Meter 109-04 | £2.87 


Ignition System 109-05 | £2.47 


APRIL 82 
Med. Resolution Equaliser (UK 101) 
Enlarger Timer 
AU 8 


06 8 
204-01 | £1.73 
204-02 | £4.02 
Automatic Photographer £1.94 
Home Alarm 208-02 | £3.21 
Audio Booster ] 301-01 | £3.32 
[racioBooster | 02-02 | 1.80 

MAR '83 

303-01 | £3.99 
Accessory PSU 303-02 | £1.35 
4} Digit Frequency Meter 303-03 | £3.69 


JONE 83 
Program Conditioner i 306-01 | £2.30 
BT 83 


| Into the Real World 


Guitar Active Tone Control £2.27 

Ground Communication System 309-02 | £2.13 
309-03 | £2.31 
312-01 | £5.18 

Temp. Controller 402-04 | £1.85 


402-05 | £2.61 


60 


PROJECT TITLE Order 
Code 


MAR ‘84 
Spectrum Autosave 403-01 
Microstepper 


MAY ‘84 


Sustain Unit 
Audio Signal Generator 


JULY '84 

EPROM Duplicator 

Alarm System 

Oscilloscope Calibrator 
AUG '84 

Comm. 64 RS232C Interface 

Field Measurement 


Simple Logic Analyser 


Parailel to Serial Converter 
Through the Mains Controller 


OCT ‘84 
Logic Probe 
NOV '84 
Computer DFM Adaptor j 


DEC ‘84 | 
Ni-Cad Charger 412-01]| £2.40 


JAN 85 
Outrider Car Computer (Set of 2 boards) 501-01/2, £9.1 
FEB ‘85 ; 


Modular Audio Power System 
Pt-1: Power Amp Board 
Spectrum DAC/ADC Board 
MARCH ‘85 
Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 
Main Board 
Heart Beat Monitor 
Detector 
Main Circuit Board 
Low Cost Speech Synthesiser 


=) 


502-01 
502-02 


ee ee ee ee 
PE PRINTED CIRCUIT BOARDS SERVICE ; i 
d Please send me the following p.c.b.s. 
| uw Order Code Quantity Price | 
DT creda hei thackeantdes anbenerenes 1 
Poe. witissnccsrcme metenneerstpes) dputseonsehers i 
7) 
| 4 SPADE SRATREDEE Gai idee Seas oo eRONas Tae | 
| 5 jt Se Sian VERT MEA ea EDR, Shaunna ule ignks | 
| $ l enclose cheque: /PO for £. «sexu os cz cinta cs caves cae eecaw s | 
| = NBING wes cn eases 05 coves 09 eaveaien 1 aores 18 te aS ww Kat WH EERO | 
| 5 PRN SS a baat ae putaroaiise sebaiesnig ie cues id en vdebacd rials wake! once | 
© 
Desh ane iso cleve tale ree aibae ecaenasal i 
OY Pac eettecosannuccinegteacpalne mrcenneom en achat een i 


Practical Electronics March 1985 


From a gentle purr to a mighty roar, 
the tightly controlled power of the 
beast is yours to command! 


A new range of superb quality loudspeakers. 

* Virtually indestructible high temperature 
voice-coil reinforced with glass-fibre 

* 100% heat overload tolerance 

» Advanced technology magnet system 

* Rigid cast alloy chassis 

* Linen or Plastiflex elastomer surrounds 

% §-year guarantee (in addition to statutory rights) 


Available in 5, 8, 10, 12, 15 and 18 inch models with 89 and some 160 
impedances and with input powers ranging from 50W to 300W e.g. 

Sin. 50W 95dB 81): XG39N / 162: XG40T £17.95§ 

Bin. 100OW + 98dB 81): XG43W £29.95§ 
10in. 100W 100dB 829: XG46A £29.95§ 
12in. 100W 101dB 82: XG49D £29.95§ 
12in. Twin Cone 100W 100dB 82: XGS5OE / 160: XG51F £31.95§ 
Note - the output power doubles for each 3dB increase (ref 1W @ 1m). 


A new range of very high quality multimeters offering truly amazing 
quality at the price. 


Pocket Multimeter, 16 ranges, 20002/V DC/AC £6.95§ (YJO6G) 

M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 
20,0002/V DC £14,95§ (YJO7H) 

M-2020S with Transistor, Diode & LED tester and 10A DC range, 27 ranges 
20,00022/V DC £19.95§ (YJO8J) 

M-5050E Electronic Multimeter with very high impedance, FET input, 53 
ranges including peak-to-peak AC, centre-zero and 12A AC/DC ranges 
£34,.95§ (YJO9K) 

M-5010 Digital Multimeter with 31 ranges including 209 and 20,.A DC/AC FSD 
fanges, continuity buzzer, diode test, and gold-plated PCB for long-term 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) 


N.B. All our prices include VAT and Carriage. A 50p handling charge must be 
added if your total order is less than £5 on mail order (except catalogue). 


Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911 
SHOPS 

© BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 

® LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926. 

© MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831. 

® SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 
Shops closed all day Monday. 


§ Indicates that a lower price is available in our shops. 


All offers subject to availability. 


Our huge range of top quality electronic components at very competitive 
prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements, it’s well worth 
getting a copy. Here are just a few examples from the catalogue. 

(The items below are NOT kits). 

* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 

* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux input, 
slide controls. Only £58.95 (AF99H) 


* 10-Channel Stereo Graphic Equalisers - 3 models - basic; with peak level 
meter; and with spectrum analyser - from £77.95 


* Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo. 
11 controls. Only £195.00 (AF98G) 
* Video Enhancer improves picture quality when recording from one VTR to 
another, and with TV's with monitor input. Only 28.95 (XG59P) 
* Detailed descriptions of the exciting new 74HC range of IC's which combine 
the advantages of CMOS and TTL. From 46p 
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ13P) 
* 1% Resistors now 50ppm/"C, 0.4W, only 2p each! 
* Auto transformers 120/240V SOVA, £10.75§ (YJ56L). 100VA £1 4.95§ 
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P), 
* Digital Clinical Thermometer. Only £13.95 (FK51F) 
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Check our 1985 Catalogue 
for all our other fascinating 
new lines. 


= 
a 
@ Phone before 2pm for 
same day despatch. 


Pick up a copy now at any branch of W.H. 
Smith or in one of our shops. The price is 
still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CA02C). 


Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 11 International Reply Coupons. | enclose £1.75. 


Prices firm until Feb 9th 1985. 


